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INTRODUCTION 
The present thesis is a continuation of work begun 
in 1946 and reported in part in 1947 as en unpublished 
master's thesis with the title. Growth of Corn Roots (2). 
That thesis discussed the processes of cell division and 
cell enlargement in the maize root tip. The data presented 
showed that the cells of the first millimeter behind the 
root cap are nearly square in longitudinal section, non^ 
vacuolated, and densely protoplasmic. In the second milli­
meter the oells were more elongated and showed vacuolation, 
especially toward the proximal end of the section. Cell 
division was limited to these two sections, being at the 
rate of about once in 24 hours at 15^ C. and nearly twice 
as fast at 25° C. The second section, which showed rather 
rapid cell elongation,had a specific cell division rate 
somewhat above that of the first millimeter. No cell 
division was observed behind the third quarter of the 
second section. Cell enlargement was rapid in the third 
section, particularly at the proximal end, slower in the 
fourth, and generally absent from the fifth and sixth 
sections. 
The present study has added to this ploture the 
0hanging ohemloal composition of the three growth zones, 
including studies of metabolites« protoplasmio and cell 
wall materials; respiratory rates and reactions, and changes 
in hydration with growth under various conditions. Tissue 
culture teohniques have been used freely to aooentuete 
zonal reactions, and a special study of the utilization 
of gluoose-l-phosphate has been included. 
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REVIEVv or LITERATORE 
Growth of oorn roots {Z), of whioh this thesis is 
a sequel, oontaina 39 referenoas, toostly on oell division 
and enlargeoient. To oonserve space only a few of these 
references are repeated here. The earlier thesis should 
be oonsulted for the others. 
The xnoveiBBnt of food and olnerals varies within 
radicles, depending upon the special type of tissue InTolved. 
Ssau (14) pointed out a distinct differentiation of alternate 
bands of phloem and zylem at 500 mu. above the radicle cap 
base in graolnaceous roots. At the sajne lave], cortical cells 
still remained thin-walled and small in size. In the region 
of rapid thickening of secondary cortical cell walls the 
vascular bundles were more stratified with larger contents 
of cellulose, lignin, pectins, and other organic and inorganic 
products. Periaeability differences between cells in pre-
division and those in active division were investigated by 
Stern (46) who grew pollen mother cells and microspores of 
Trllllun in sucrose and glucose media. In pre-meiosis the 
pollen mother cells were found to be freely permeable to 
sucrose, but by the time active division started a drop in 
permeability was estimated. Some time after oompletion 
of melosis the microspores wer® found to be impermeable 
to suorose and gluoose; with the onset of active mitosis 
their permeability increased again showing a maximum at 
mitotic prophase. 
The Ija vitro inhibition of absorption offers valuable 
possibilities for studying dlfrerentiel permeabilities of 
the plasma membrane to specific compounds. Chang and 
Loomis (6} showed direct inhibition of water and mineral 
absorption by wheat, rice and corn seedlings grown in 
nutrient solution with Increased COg concentration around 
the roots, and they thought that high COg led to the forma­
tion in the protein component of the plasma membrane of 
speciflo, although weais:ly bonded hydrogen bridges on the 
more basic amino groups above the alpha carbon, or possibly 
on cyclic nitrogen atoms. The cross linkages between 
adjoining protein molecules could rapidly decrease their 
dispersion and increase the viscosity of the plasma. 
inhibitor which prevents the active transport of an essen­
tial compound across the membrane might not necessarily 
interfere with its utilization once inside. Mitchell and 
Houlahan (34) found that In the Neurospora mutant requiring 
vitamin Bg for growth, added amounts of loxaichrome and 
lamlflaTln Inhibited the utilisiiatlon of that vitaiain* 
Neither luiaiflavia nor lomiohrome inhibited grcswth of 
the wild type organisa whloh was able to synthesize its 
own It may be then that lutaichrome and Ituniflayin 
blooked the tranaferenoe of Bg aoroas the laembrane. When 
the vitaisin was foraed inside the oell, the inhibitors 
were not effeotive in interfering with its funotion* 
The inhibition of translocation by uranium has been 
explained as due to the oofflbination of this metal with 
protein layers of the oytoplasm membrane, thus bringing 
about changes in permeability end affecting the passage 
of certain substrates* Barron et al,(S) studied the 
effects of uranyl nitrate on yeast cells and yeast extracts, 
finding that glucose fermentation by yeeat which bad been 
inhibited by uranium was completely released on addition 
of phosphate* Phosphate, howerer, did not release inhibi­
tion of fermentation in cell free yeast 4<^ioe* It was 
oonoluded therefore that inhibition was due not to combina­
tions of the metal with enzyme systems within the cell, but 
rather to the adsorption of the metal in the cytoplasmic 
membrane maidLng it iiry;>ermeable to glucose* 
The transport of simple sugars to metabolizing cells 
has been substantiated for a range of living systems* Changes 
In the oonoentration of reduolng sugars leads to a wide 
variety of effects, for these compounds provide the energy 
and basic raw materials for active synthesis. Shifts In the 
starch-sugar balanoe have been visualized as auxin Induced 
stimulations of the cell diastase activity (15), An Investi­
gation of the action of Indoleacetlc acid in a diastase 
charcoal system was made by Smith ^  (45), and no 
convincing evidence was found that auxin either inhibited 
free diastase directly or markedly altered the absorption 
equilibrium of diastase on charcoal. 
Arreguin-Lozano and Bonner (1), comparing the hydrolytio 
breakdown of starch under the influence of amylase and the 
phosphorolytic breakdown via phosphorylase, concluded that 
starch metabolism in potato tissues occurred under the influ­
ence of phosphorylase, as potato tubers showed only weak 
amylase activity, and they estimated powerful phosphorylase 
activity. At either low or high temperatures phosphorylase 
concentration remained constant. Since at high temperatures 
no starch breakdown took place, they suggested that phos­
phorylase activity was probably regulated by a specific 
inhibitor formed at high temperatures and absent or present 
in lower concentrations at low temperatures, the formation, 
degradation and nature of which still remained to be ex­
plained. 
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A study of the changes in oarbohydrate distribution 
ooourring as a result ot the growth of excised tomato 
root tips supplied with sucrose, suggested to Dorner and 
;:Jtreet (13) the existence of a fflechanism involylng the 
breakdown of a sucrose molecule into its hexose units 
coincident with the absorption of one dextrose unit for 
each two molecules of sucrose degraded. The possibility 
that sugar absorption in vitro by the epidermal cells 
inTolTed phosphorylation at the plasma membrane and 
dephosphorylation with liberation of free sugar at the 
cytoplasm was tentatively advanced, suggesting that 
su^r oDvement through the plasma membrane occurs as 
hexose phosphates. 
As a result of studies on nitrogen metabolism, 
several possible pathways have been proposed and still 
others remain to be worked out. Great emphasis has been 
given to the mechanisms by which amino acids are synthe­
sized or deaminated to yield the corresponding alpha keto 
acids which can be further oxidized to COg and water. 
McVicar and Burris (33) detected a very rapid absorption 
of isotopio ammonium nitrogen by roots of tomato plants 
grown in nutrient solution. They found also that the 
labeled material spread rapidly over the entire plants 
-8 
with more laoveaent to the actively growing regions, but 
did not deterioine whether there was a direct translocation 
of the aumoniuffl ion to the rest of the plant organs or 
whether there was an initial conversion of the ammonium 
ion to organic nitrogenous coi^pounds with subsequent 
transfer* 
Nitrate nitrogen absorption has been coupled to 
carbohydrate oxidation because the reduction of nitrates 
to ajtooonia, considered to be an initial step in nitrogen 
Gssifflilation, is an endergonic reaction. The existence 
of one mechanism has been postulated by Nance (35) in 
which reductions talcing place under aerobic conditions 
were ascribed to a coupling of the nitrate reducing 
meohanlsms with mechanisms generally considered part of 
the anaerobic phase of carbohydrate breakdown. He found 
in excised wheat roots grown vitro that oxygen inhi­
bited assimilation of previously absorbed nitrate, and that 
nitrate Increased in the absence of oxygen, suggesting that 
nitrate assimilation occurred under conditions that favored 
aerobic fermentation, and that systems concerned with anaero­
bic degradation of carbohydrates used nitrates as terminal 
oxidants. 
Culpepper and Moon (12), studying the distribution of 
food materials during the development of asparagus stems and 
-9-
thelr relations with growth, observed that total sagars 
were most oonoentrated at the stem base, decreasing rapidly 
toward the growth zone, and, conversely, that nitrogen was 
lowest at the basal zone, increasing rapidly near the tip. 
Loomis (27) found that root formation in Melilotus alba 
did not taice place when roots were decapitated to remove 
ootyledonary buds. Carbohydrate reserves were high, and 
probably higher then the peroentage sugars estimated slnoe 
there were changes in the staroh sugar balance prior to 
killing. !Ehe soluble organic nitrogen also was inversely 
correlated with root formation. 
Matomioal and metabolic oharaoteristios of root 
merlstems pertinent to their use in investigations invol­
ving measurements of gas exchange have been correlated 
with estimations of the rate of cell division and quar.tity 
of protoplasm per unit volume of tissue accompanying the 
differentiation and maturation of cells. 
Lund and Kenyon (29) estimated high reduction rates of 
methylene blue at the root tip of Allium cepa. decreasing 
progressively as the measurements were made in zones ap­
proaching the basal region, with a minimua about 30 mm. 
from the root tip. They thought that large utilization 
of oxygen with the corresponding COg evolution per root 
length was indicative of highly electropositive zones, 
10-
and that &t any root level the speolflo quantitative 
relationship in flux equilibrium between oxygto oonsump-
tion and electromotive forces was maintained by local 
enzymatic oxidation-reduction systems. Gregory and V/ood-
fard (17), making direct determinations of the oxygen 
consumption in the first five apical eentimeters of Vicia 
faba roots, estimated that the first 10 mm. segment was 
characterized by the largest rate of oxygen consumption, 
despite the fact thet both volume and surface were the 
smallest. 
Maohlis (31) studied respiratory quotients of 
unbranched barley roots cut into 10 mm. segioents and 
grown in dilute nutrient solution, and calculated for 
the first 10 mm. segment a respiratory quotient (R.Q.) 
around 0.94; for the succeeding segments the R. Q. became 
essentially equal and close to 1.00, suggesting a distinct 
gradient in respiratory activity from the apical root region 
to the basal, and that the main course of respiration beyond 
the 10th mm. could be qualitatively the same. 
Recent developments (9) in the study of respiratory 
mechanisms have yielded several pieces of evidence substan­
tiating the proposition that cell respiration is not carried 
out by a single continuous system, but rather that each cxido-
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reduction reaction within a given respiratory chain seems 
to heve o specific course of activity. An exemple of this 
type of evidence ie the dete on the cyanide sensitivity of 
respiration, which in turn is attributable to external 
factors euch as conoentration of moleoular oxygen and of 
metabolite substrate. Thus, Maohlis {SO} found thot cya­
nide inhibited tv/o-thirds of the oxygen consumption In 
excised barley roots and Henderson and Stauffer (20) found 
-3 
that in excised tomato roots a 5 x 10 M cyanide concentra­
tion inhibited 79 percent of the normal oxygen uptake, and 
-2 
1 z 10 M oonoentratlon eliiiost stopped oxygen absorption* 
The participation of sulphydryl groups in respiration 
and growth has been studied by experiments involving a direct 
ohemioal oombinotion of terminal -SE groups with specifio 
inhibitors* Changes in speoifio rates of gas ezohange could 
be followed by the partial immobilization of -SH groups 
essential for the activating (dehydrogenase) protein portion, 
at varying inhibitor concentrations* Furthermore, specific 
iehydrogenaso mechanisms have bean blocked by lodoacetate, 
and Gemmill (15) suggested thot in yeast respiration the 
prinolpal site of lodoacetate inhibition appeared to be in 
the triosaphosphate dehydrogenase system. Commoner and 
Thlman (10) found in the Avena colooptile respiration an 
lodoacetate sensitive fraction responsible for a small part 
~12"» 
Of the total respiration,which apparently was related 
to growth. After blocking it, growth ceased entirely 
while oxygen consumption dropped only 10 percent. In 
bean steu slices. Smith (44) found 70-75 percent inhibi­
tion of oxygen consumption and complete inhibition of COg 
-3 
evolution with 1 x 10 m iodoacetate concentration. 
Cell wall plasticity followed by an extension of the 
wall was considered by Heyn (21) to be the primary factor 
in elongation, suggesting that the Junctions of the cellu­
lose network were probably loosened by weakening of the 
secondary valences with reversible changes of bound water 
into free water. X-ray studies showed the presence of 
amorphous, coalesced microfibrils, these being considered 
to indicate a large degree of hydration of cellulose units. 
The sequence of the cell wall properties observed in 
passing from the tip through the regions of active cell 
extension to the mature, non-extending regions, has been 
expressed in terms of turgor extensibilities as measured 
from cell shrinkage on plasmolysis. This has been a 
reasonable assumption since the osmotic pressure of the 
cells has been found to remain unaltered during elongation. 
Burstrom (5), after systematic plasmolysis studies in excised 
wheat roots, distinguished two phases in cell elongation. 
The first was one of pure stretching conditioned by increased 
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elasticity of the cell wall, suggested as being due to 
increased swelling of intermicellar colloids. i\t tbe 
beginning of the second phase this intermicellar swelling 
reached its maximum and subsequent increase in wall area 
was purely by the deposition of new cellulose micellae by 
active intussusception, largely dependent on the nutrient 
supply and especially glucose concentration. The results 
of the observations of Levitt (25) in potato slices held 
at low temperatures in cyanide solution demonstrated that 
the estimated additional water uptake probably was due to 
an increased wall plasticity induced by auxin through the 
intermediary of the cytoplasm. 
Wirth (53), carrying out a carbohydrate fractionation 
of the cell wall components of Zea mays coleoptile, showed 
that total cellulose and hemicellulose content ran roughly 
parallel with total growth in coleoptile length, indicating 
that during the stretching phase cellulose and hemicellu­
lose were being synthesized and laid down in the cell wall 
at the same rate as eloi^ation. 
The Van*t Hoff and Arrhenius temperature coefficient 
equations formulated from thermodynamic reasoning for simple 
inorganic systems have been especially valuable in explaining 
the nature of some factors that limit the rates of biologio 
processes. Thut and Loomis (48) measured the combined 
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elongctlon of a central axle end a young leaf of Zea. the 
axis of Asparagus. and the leaf blade expansion of Rloinua 
in field grown ji^lants. The size increments followed the 
temperature curves up to the limit at which temperature 
became excessive or moisture supplies limiting. The tem­
perature coefficients of growth in young Rlolnus leaves 
were very clearly two plus; in these, all the growth 
recorded was probably due to cell enlargement. Such values 
suggested that the chemical formation and action of auxin 
or auxins on wall plasticity were the major limiting factors 
in cell elongation. Chao and Loomis (7) determined the 
for cell elongation using tissue from Taraxacum scapes, 
Phaseolus hypocotyl, and Hioinus leaves. In the temperature 
range from 0 to 25^ C., the coefficients were above two. 
They concluded that the fundamental mechanisms of cell 
elongation were probably auxin stimulated processes in­
volving complex physico-chemical reactions. Their experi­
ments suggested also that there may be little difference 
between the mechanisms of division and enlargement, and that 
minimum amounts of protoplasm are necessary for cell enlarge­
ment. 
The gradual appearance of vacuoles in parenchymatous 
corticel cells is a distinct morphological evidence of cell 
development. Cell vacuolatlon has been estimated (^ualita-
-18 
tlvely through hlstologloal observations of oross seotions 
made at various root levels. MoPherson (3£} studied 
transverse seotions of Zea radloles. i^t 0.5 mm. above 
the root cap, oortioal oells began to vacuolate rapidly, the 
protoplasm, however, was still fairly dense. At 1.5 mm. a 
considerable portion of the protoplasm had disappeared or 
had changed in such a way that it was not stained by 
haematoxylin. At 5.mm. a large proportion of the oortioal 
oells showed signs of complete maturation. Cormack (11) 
studied cross sections of Brassica and Lycopersicum radicles. 
In the former, epidermal cells started to vacuolate at 0.4 mm. 
above the root cap. At 0.6 mm. further vacuolation of long 
cells proceeded, and at 1.1 mm. vacuolation of short oells 
also occurred. In Lycoperaioum sections oells began to 
vacuolate rapidly at 0.6 mm. in all primary tissues. 
Vacuolation has been considered to be the result of 
changes in the protoplasm which render it more permeable, 
water thus diffusing in at rapid rates, Sifton (42) studied 
rates of plasmolysis in mesophyll and palisade cells of 
enlarging leaves of Ledum groenlandioum. In cells which 
were ready to form vacuoles, plasmolysis occurred rapidly 
in the mesophyll, but took place only after thirty Mnates 
in palisade cells. The difference in permeability as measured 
by these variations in plasmolysis x'&'tss vtfds 0onoA <13^•"ed tc be 
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the factor that brings about vaouolation. 
The observation that water also traverses plasma 
membranes in the absenoe of pure hydrostatic or osmotio 
forces or even against suoh forces, suggesting the possi­
bility of an active participation of the plasma membrane 
and cytoplasm, led van Overbeek (98) to formulate the 
hypothesis that active water absorption against a diffusion 
gradient must be tied up with the supply of energy released 
in the cytoplasm, and bound up with electrical differences 
of potential across the plasma membrane. 
Levitt (25) showed that on theoretical grounds suoh 
energy requirements were well within the metabolic capacity 
of the tissues concerned, and Kelly (24) using oat coleop-
tiles established a general parallelism between water uptake 
and energy produced from respiration (oxygen uptake) under 
the inhibiting action of a wide variety of inhibitors of 
oxidative carbohydrate metabolism. She also indicated 
that such parallelism could be taken as a confirmation of 
the obligate participation of energy supply and/or substrate 
produced during carbohydrate metabolism in the active water 
absorption process; this conclusion was supported by the 
suppression of water absorption in a nitrogen atmosphere. 
Veldstra (50) assumed that any turgescent action whereby 
the tightness of molecular packing is reduced would increase 
-17 
permeability. It was hel<3 that indoleaoetio aoid and 
naphthaleneaoetio aoid had auoh a turgesoent action on 
in vitro oleate ooaoervotes. Normal fatty aoids with 
ohain lengths from 10 to 18 carbon atoms were tested for 
activity and it was shown that some activity was exhibited 
by those aoids having the maximum turgesoent action on arti­
ficial coaoervetes. He suggested that auxins probably alter 
either the electric potential or the degree of hydration of 
the polar groups or both. Guttenberg and Kropelin (18), 
using Rhoeo discolor end onion scale epidermis, plasmolyzed 
oells in 0.5 M urea end 0.5 M urea plus 100 ppm indoleacetio 
acid. Subsequent deplasmolysis in 0.33 M urea and 0.33 
M urea plus 100 ppm indoleacetio acid showed a more rapid 
rate of recovery with indoleacetio acid, which was taken 
as evidence of an increesed permeability of the cell mem­
brane to water uptake induced by auxin. 
Sinnott and Bloch (43) studied cell division in highly 
vacuolated oells. They found that in the shoot apex such 
oells were capable of a division rate comparable to that of 
typical qjeristematio oells, but in the epidermal-dermatogen 
tissue of root tips, the type of division oharaoteristic 
of vaouolated oells was not so oommonly found. They ex­
plained these observations in terms of the rather sharp 
transition from the region of actively dividing small oells 
la 
at the tip, to the rapidly expanding oells which had 
ceased dividing. 
The appearance of rows of repidly enlarging oells 
suggests that the end cells of such rows are inserting 
themselyes among their neighbors. Priestley (39) thought 
that if such morements occurred, they would be slight and 
would stop when the plastic matrix of the middle lamella 
set to a hard mass of insoluble pactatea. Adjustments in 
shape would then take place by a moTenient of the whole 
framework of walla. He found that the primary cell walla 
were very thin, embedded in a fine slime of mucilaginous 
pectin, and that they were penetrated over wide areas by 
protoplasm. 
19-
MATERIALS AND METHODS 
Materials 
Young radlole tips of Zea mays L. were ohosen for 
a study of prlinary growth because of looal interest In 
the plant and Its aTallablllty, but also because of the 
relatively large, easily grown roots with their olear-
out zones of division, enlargejnent and differentiation. 
Within the shell of perlblem oells of primary maize 
roots (considered to be iauaature oortioal cells), the 
division zone, defined as that fraction in which anti­
clinal divisions are taking place (2), has been further 
separated into two rather distinct portions. One of these 
is formed by the group of cells located in the first milll-
meter above the root cap base, and is characterized by slew 
growth, small sized and non-vad^ lated cells; the other, an 
adjacent group of cells located in the second millimeter, 
is characterized by both rapid oell division and enlargement, 
giving the second millimeter the inost rapid rate of total 
growth. The measurements obtained from radicles grown under 
the given set of conditions have indicated that division of 
cortical oells did not occur beyond the second millimeter. 
-.£0 
The enlargement zone, defined as that fraction 
in which only the gain in cell length is accounting for 
growth, has been separated further into two portions. 
One of these was formed hy the group of cells located in 
the third millimeter where expansion is relatively rapid. 
The other portion has been formed by the group of cells 
located in the fourth millimeter and is distinguished by 
slowly enlarging cells up the limit at which any gain in 
cell length became negligible. The growth processes 
ceased beyond the fifth millimeter and in some experiments 
both the fifth and the sixth millimeters have been repre-
Benia'«iV6 cf the maturaticn and differentiation regions* 
Sampling, Weighing, and Micro-Chemical Malyses 
Uniform corn kernels of the single cross hybrid 
fi.SCEx obtained from Dr. Q. P. Sprague, were 
surface disinfected with J^ asan and germinated in large 
covered crystallizing dishes between sterile moist blotters, 
germination taking plaoe under relatively low microbiological 
contamination. The dishes were held in a 25 - 2° C. chamber 
having a relative humidity of approximately 85 percent. 
From each lot, the seedlings with the most uniformly de­
veloped radicle diamter were selected. The radicles were 
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frozen in a ohamber having a temperature around -20° c. 
and then seotloned, weighed and dried in minimum time. 
Seotioning was done with a speoially designed cutting 
instrument 4 z 2.5 z 2.5 om. having six safety razor 
blades mounted in a holder, separated by six plates, 
each 4 X 1*5 oa« and clamped together. The width of 
eaoh of these plates was 0.9^ :0.01 mm. and of eaoh blade 
0.1t0.02 mm. thus making the separation distance between 
two adjacent blade edges 1 mm. 
In a oold room with temperature around 5° C,, using 
a SOx stacecBcopic binoculars and the cutting instrument, 
eaoh radiclc was out into five 1 mm. segments starting 
from the base of the root cap. Very slight pressure was 
required to make the sections. Three replications con­
taining outs from 250 roots eaoh were made for each of 
the first five 1 mm. segments. The pieces were sorted 
into five tared weighing bottles, and the bottles were 
weighed on a chainomatic balance having 0.00003 g. pre­
cision. The weights were calibrated against a U. s. 
fiureau of Standard set of weights and double weighings 
of eaoh bottle were made to obtain maximum precision. 
The samples were dried at 65° C. for 12 hours under 
vacuum, cooled in a desiccator and reweighed twice. Dry 
weights were calculated in milligrams and as percentages 
22-
ot fresh weight. 
A separetion of oolloidal and non oolloidal carbo­
hydrate and nitrogen fractions was made by extracting the 
dry sample with 80 percent ethyl elcohol following the 
procedure described by Looois and iJhull (28). Each dry 
sample was transferred to a 10 z 50 ma. Whatman extraction 
thimble and continuously reflusced in 30 ml. of 80 percent 
ethyl alcohol during 24 hours in a micro soxhlet extraction 
apparatus. After completion of extraction, the sample was 
separated into extract and residue, the former containing 
the water and fat soluble non-colloidal substanoes while 
the residue contained the remaining insoluble and oolloidal 
substances, the dry weight of which was estimated after 
drying it in a 100° C. oven for 24 hours. The excess 
alcohol in aliquot of the extract was evaporated off 
under reduced pressure, the flask was cooled, then the 
solution was made acid to methyl red with 10 percent acetic 
acid and 2 to 4 drops of 1 percent invertase solution were 
added with a little toluene. The volumetrie flasks were 
allowed to stand overnight, and before proceeding with 
total reducing sugars determination, the temperature of 
the solution was adjusted to 20® C. 
Total reducing sugars were determined on a 5 ml. 
aliquot of each extract by the eerie sulfate method (19). 
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A 5 ffll. sample was pipetted into an 8 inoh test tube 
and 5 ml. of alkaline ferrloyanide solution added. The 
test tubes were mounted in a raok and boiled in a water 
bath for fifteen minute8+ 1 second, then cooled to room 
temperature and to each one, 5 ml. of 5 N sulfurio acid 
was added. The titration was completed with 0.01 N oerio 
sulfate solution until the green color changed to a golden 
brown under 5-7 drops of setopaline-G indicator solution. 
The eerie sulfate solution was standardized with a known 
quantity of glucose. 
The soluble nitrogen determination was made with the 
mioro«KJeldahl procedure described by Johns (22). A 15 ml. 
aliquot was transferred to a 100 ml. micro-KJeldahl flask 
and evaporated under reduced-pressure to l->2 ml. Eaoh 
sample was digested with 25 drops conc. sulfuric acid. To 
hasten the digestion 0.1-0.2 g. of a 1:1 mixture of potas­
sium sulfate and copper sulfate was added. During the 
digestion one or two drops of 30 percent hydrogen peroxide 
were added dropwise to hasten the conibustion of the 
carbonaceous material. V/hen the digestion was completed 
after 12 to 15 miautes the flask was allovjed to oool and 
its content was diluted with 5 ml. of GOg-free distilled 
water. 
The distillation apparatus was similar to the original 
one of Pregl. During the digestion of the samples the 
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distillation apparatus was thoroughly steameci out with 
the steam generator heated with a low flame and the cooling 
water not connected to the condenser. When the first 
distillation was to be started, the plug in the top of 
the steam generator was removed, the cooling water started 
through the condenser and a test tube 20 x 150 ml. containing 
5 ml. of 2 percent boric acid and two drops of methyl indica­
tor mixture was supported on a plate at such a height that 
the condenser tube reached nearly to the bottom. The flask 
containing the digested sample was poured into the funnel, 
the flask rinsed twice with 3 ml. of CO^ -free distilled 
water, and the washings poured into the funnel. i\n excess 
of a saturated solution of sodium hydroxide was dropped 
into the funnel and allowed to run slowly to the bottom 
of the distillation chamber. Steam was passed through 
the sample until the Tolume in the collection tube doubled, 
then the tube was removed and the delivery tube was washed 
off with a small amount of distilled water. The titration 
with 0.02 N HGL was completed in the test tube. ?or each 
set a blank analysis was run which was equivalent to no 
more than 0.02 ml. of the 0.02 N acid. 
Respiration Measurements 
The respiration rates and respiratory quotients 
characteristic of the primary corn root meristematic regions 
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were studied by placing a representative sample of eaoh 
growth zone in the vessel of a constant volume Warburg 
respirometer flask held at 30.00+0*25^  C* and by measuring 
Og uptake and the CO^  evolution with the Warburg direct 
method (49). Gerioinated com seedlings with radicle dia­
meter well within the allowable limits for adequate gas 
diffusion were quickly immersed in a freshly prepared and 
filtered one percent calcium hypooh lo rite solution and 
washed thoroughly with sterile tap water. Low microbio­
logical contamination was maintained and experiments of 
several hours duration were permitted. The radicles were 
randomized and out into three 2-mm. segments starting frou 
the root cap base, thus including in eaoh out the regions 
of cell division and enlargement, cell enlargement, and 
cell differentiation respaouively. The outs were trans­
ferred directly to the solution in the vessel of the 
respiration flask and placed in the constant teniperature 
bath. The induction period given to the excised roots 
to adjust their metabolism to the new conditions varied 
with the type of experiment. Between readings, the system 
was shaken at one hundred -S cm. strokes per minute, to be 
oertain that the reaults were independent of the rate of 
shaking, i^ t the end of each determination, dry weight and 
total nitrogen were estimated. The final results were 
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expreased as miorolitera (mul.) 0^  ttiken up per mg, dry 
weigiit per hour ana as mul. Og taken up per ag. tissue 
nitrogen per hour. The it.me expressions for CO^  evolu­
tion were used. Respiratory quotients were oaloulated 
as the ratio between COg produced and Og oonsumed. The 
bbfiervations were analyzed statlstioelly and the mean, 
standard deviation and standard error o£ the mean at 
the 5 percent probability level were oaloulated. 
Tissue Cultures 
Meristematio root tip segments representing the 
three growth zones were grown in solution culture under 
sterile conditions following techniques similar to those 
of Robbins (40), The germinated com seedlings were 
disinfected as for the respiration studies, end sorted in 
groups of 10 in sterile petri dishes containing 3 ml. . 
sterile double distilled water with a drop or two of e 
1 percent oalcium hypochlorite solution. The three 
growth zones were out from each radicle with the cutting 
tool, which was sterilized by dipping it in 95 percent 
ethanol and burning off the ethanol. The three segments 
were transferred individually to separate culture media 
with a loop needle of chromium wire. The needle was 
-.£7 
sterilized In a riaae and allowed to oool before touching 
the root fragment. All work Involved In transferring root 
segments was carried out In a transfer chamber and oontaml-
nations were not frequent. Whenever a flask became 
contaminated it was discarded. The excised zones were 
grown individually in 5 ml. of nutrient solution in 30 
ml. erlenueyer flasks of pyrex glass held at 30.0+;2.0° 0. 
The flasks were mounted in a wrist-hand action shaker 
operating at 100 shakes per minute, thus permitting good 
aeration. 
The basic medium for these experiments was a 
combination of Whitens (52) and Bonner^ (4) nutrient 
solutions with the following formulation. 
CaCNOg)^  
KNOg 
MgSO^ .VHgO 
ZGL 
KHgPO A 
ZnS0^ .7Hg0 
MnSO^  • ^LHgO 
Thyamine hydrochloride 
Glycine 
Pyridoxine 
ms 
60.0 
35*0 
65.0 
12.5 
1.5 
1.5 
4.5 
0.1 
2.0 
0.1 
Chemical lot no. 
Bakers - 41 
Bakers - 26 
Merck - 18327 
Merck - 42994 
Bakers - 63 
Bakers - D327 
Bakers - D279 
Bakers - 27 
General Biochem, 
Inc - 18079 
Pfanstiehl 
- 583 
28-
Mootlnlo sold 
m Chemloal lot no. 
Merok - 5E^ 1 
Fe tartrate 1.5 Sargent 
Redistilled water up to 1000 ml 
Z percent by weight of o.p. sucrose 
The nutrient media were sterilized in the autoolave 
at 15 pounds pressure for 15 minutes. 
At the end of eaoh e:5>eriment, the gain in length of 
the segments end the dry weights of the segments were 
taken as indicators of growth, unless otherwise stated. 
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REOIONS OF GROWTH 
The speoiflo oontrlbutlon given by the increase in 
the noober and/or length of oells to the longitudinal 
expansion ooourring simultaneously in all seotions of the 
growing region of germinating Zea mays radicles was esti­
mated for each of the five zones of growth under study. 
Information oonoerning oell length position along 1 mm. 
seotions was derived from the oell length determinations 
made by following one row of oells in the cortex, usually 
the third or fourth row from the epidermis. These data 
are shown in Table 1* 
The first millimeter seotion in radicles grown at 
ZSP had elongated 0.2 mm. into the region originally 
oooupied by the seoond seotion. In the latter, the first 
250 mu contained 21 oells of 12 ma. eaoh; therefore, 0.2 mm. 
oontained 0.2 x 21/0.250 z 17 new cells. The first section 
contained at the beginning 90 oells, and adding the newly 
formed oells there were estimated at the end of three hours 
to be a total of 107 oells* The specific rate of oell 
division was calculated to be 0.055 cells per oell per 
hour and the time necessary for one complete cell division 
was found to be around 18 hours. 
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Table 1« Estdaates of total growth, length of cortical 
cells, specific rates of cell division, and rates 
of enlargement in consecutive 1 m. segments of the 
maize root tip at 25® C, 
Hkn« No» of Specific Time for Rate of 
from grovth in Cell cells rate of one cell enlargeioent, 
tip 3 hours length per m. cell div« gen« percentage 
1 0.^ .03 ll+,02 91 0.055 IB hr. 0,0 
2 isttao 52 0.326 8 hr. 71 
3 0.^ ,12 53^ 1.5 19 0 — - 60 
K O,3±0Q3 7qfl.O U 0 30 
5 0.0 9^ 1,5 10 0 - 0.0 
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Slnoe the average length of the cells did not 
change significantly during this time, this growth is 
arbitrarily considered to be due to cell division alone. 
Cell number in this section was estimated to have increased 
19 percent, while section length increased £0 percent. 
In the seoond millimeter of the root, cell nuaber 
increased 33 percent from 52 to 69, but section length 
increased 90 percent and average cell length increased 
72 percent from 11 to 19 mu. Not only was cell division 
more rapid in the seoond millimeter than in the first, 
but the cells also increased rapidly in length. This 
increase began slowly, with cells in the first quarter 
of the section averaging only 12 mu, and then increasing 
to 19, 24 and 32 mu in succeeding quarters. Cell division, 
as determined by mitotic figures, was concentrated in the 
first half of the second section and was not observed in 
the fourth quarter or in any succeeding section. 
The second millimeter section had elongated 0.9 mm. 
by the end of three hours into the region originally 
occupied by the third millimeter. The third millimeter 
oontained an average of 19 cells, so that the number 
attributable to the second section at the end of the 
period was 0.9 x 19 Z 17 new cells, plus 52 original Z 69 
total. A specific cell division rate of 0.092 cells per 
38-
houx is indicated, vdtli the time for one oell generation 
about 10 hours* This oaloulatlon, however, Inoludes loany 
cells which had been pushed past the third quarter of the 
second section where oell division stopped, estimation 
of actual oell division rates, which is probably still low, 
can be inade by arbitrarily assigning all oell division to 
the first half of the section. Our numbers are now 37 plus 
17 cells, and the speoifio oell division rate 0*126 with 
one oell generation in about eight hours. 
While these generation times are not considered to be 
minimom, it is obvious that cell division in a root meristem 
is much slower than, for example, in a baoterlal culture 
where generation times of one-half to one hour are estimated* 
The difference is attributed to translooetion rates and to 
competition among dividing cells for available foods. It 
seems signifloant that the rate of cell division near the 
baok end of the division zone, but nearest the endosperm 
food supply, was more than twice that of the so-called 
typical meristem of the first millimeter. 
Evldenoe on division in vacuolated cells was not 
obtained dlreotly because of the short sections (;|_0.1 mm.) 
involved. It may be pointed out, however, that the slowdown 
in division rates was not observed until the average length 
shown by the apical cells was approximately doubled. 
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To tile original 5;i oells oooupying the second 
mllliaieter were added 17 new cells by division, making 
a total of 69 cells spread over 1.9 m* Because we have 
considered as cell division any enlargement required to 
bring the daughter cells to the average length (11 mu) 
of the cells in the apical section, 17 x 11 l 187 mu of 
this total growth is assigned to cell division and 900 -
187 Z 713 mu to cell enlargement as a separate growth 
factor* These figures show an average enlargement of 
10.3 mu per cell for the three hour period or 71 percent. 
In the third ioillimeter of the root tip cell enlarge­
ment alone accounted for a 60 percent gain in section 
length in three hours at 25° C. By the end of this 
period the third millimeter became the fourth millimeter 
because of growth in the first and especially in the 
second section. The 19 cells originally occupying 1 mm. 
or 1000 mu, by the end of three hours were spread over 
1600 mu; and the increase in the average length of cells 
was (1600/19)-'53 z 31 mu in three hours. 
Since initial growth in the fourth millimeter was 
about one-third that of the third section, we can assume 
that this figure is low for the instantaneous rate of 
enlargement in the third millimeter. The fourth millimeter 
showed a total enlargement of 30 percent. The 14 cells 
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originally oooupylng 1 mm. or 1000 mu, by the end of 
three hours were spread over 1300 mu; therefore, the 
increase in uhe average length of cells was (1300/14)-
70 :: 23 mu in three hours. 
Within the three hour period this section was 
displaced to the fifth and sixth millioeter position in 
which no growth occurred. Obviously the enlargement 
recorded was fairly rapid, but limited to the early 
part of the three hour period. 
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CHEMICAL ANALYSES OF DEVELOPMENTAL ZONES 
In the ohemioal determinations made for each of 
the first five 1 mm. growth zones of Zee mars radicles, 
both the central cylinder tissues and the shell formed 
by the endodermis, cortical layers end epidermal tissues 
were included since separate estimations were inpracti-
cable. The chemical components estimated for each 1 mm. 
segment incladed, therefore, the fractions of both central 
cylinder and shell at the moment of sectioning, but since 
approximately 69 percent of the volome of the root segments 
in the meristematic region is parenchymatous cortex, the 
specific constituents characterizing each growth zone 
were essentially those of a single simple tissue. 
In maize radicles grown at 25^  0. the green weight 
per millimeter nearly doubled between the first and second 
sections (Table 2} while the rounded tip was being elimi­
nated and average root diameter increasing. Further but 
slower increases in diameter brought the weight of the 
fifth section to 141 percent of that of the second. Qreen 
weight per unit cell length, in contrast, increased nearly 
22 times between the first and fifth millimeters, and the 
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slze of indlTidual oelle Inoreased logarlthmetically with 
their seotion position (Table S). 
A ooinparlson of the dry isatter in segments within the 
same radicle showed that the second millimeter, the region 
of most rapid growth, yielded the largest quantity of dry 
matter (Table £). This result again was confounded with 
seotion diameter. The round tipped terminal seotion was 
only about 60 percent as large as the second section, 
which in turn was considerably sinaller than the fifth. 
The high percentage of dry matter in the tip segment, 
as contrasted to total quantities, indicates that the 
increased hydration shown back of the second seotion 
had already begun in this section. Dry matter per unit 
cell length increased 7 times in the 5 mm*(Table 5) against 
22 times for fresh weight. The difference represents 
accumulation of water in vacuoles, etc. 
Available Compounds 
Sugars move to the growing tip from the endosperm and 
are used in respiration and metabolism as they move. It 
is not surprising, therefore, to find the highest sugar 
contents and percentages in the proximal sections. If the 
determination of total reducing substances was not too much 
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Tablo 2, Chcoalcal composition of consecutive 1 nan, sej^ monts of maiise root tips 
grown at 25® C, 
ltd, 
f^ ca 
tip Units 
Ecesh 
weight 
D3?y 
mattor 
Alcohol 
inoolublo 
mtter 
Total 
sugars 
Total 
nitrogen 
Alcohol 
soluble 
nitrogen 
Insoluble 
nitrogen 
as protein 
(x6.25) 
1 PrfUmtgL 
% Green vt« 
% Dry wt. 
655 128 
19.6 
U2 
17,1 
5.5 
O.Sit 
4.30 
12,50 
1.91 
9,80 
1.7 
0.26 
1.30 
67,5 
53.3 
2 Gomaa 
% Green vt, 
$ Dry ut. 
1110 180 
16,2 
140 
12,6 
10,0 
0^ 90 
5,55 
16,50 
1,48 
9,20 
4,2 
0.38 
2,34 
76,8 
43,0 
3 Gtuona 
% Green vt, 
J5 Dry wt. 
1190 15/^  
12,9 
92 
7,7 
12,5 
1,05 
8,15 
13,00 
1,09 
8,4-5 
4.8 
0,40 
3.12 
51.3 
33.4 
U GeinzQa 
% Green wt, 
$ lurj wt. 
1350 105 
7,8 
69 
5.1 
U.5 
1,07 
7,i;o 
0,55 
7,05 
2.4 
0.18 
2,/i8 
31.2 
27,3 
5 Geonma 
$ Green wt« 
 ^Dry wt. 
1570 100 
6.A 
50 
3.2 
18,5 
1.18 
18,50 
4,50 
0,29 
4.50 
1.50 
0.095 
1.50 
3^ .7 
18,7 
«Besidue f^ >oin acid hydroloysls minus ash* 

.tion of consocutive 1 sm, segments of naize root tips 
ier 
Alcohol 
insoluble 
mtter 
Total 
sugars 
Total 
nitrogen 
Alcohol 
soluble 
nitrogen 
Insoluble 
nitrogen 
as protein 
(3C6.25) Ash 
Acid 
hydroly. 
naterials 
Cellulosio 
Euaterials* 
k 
i 112 5.5 12.50 1.7 67.5 5.5 17,0 5.5 
>•6 17.1 0.84, 1,91 0.26 
53.3 
0.84 2.60 0.84 
4.30 9,80 1,30 4.30 13.25 4.30 
) 140 10,0 16.50 4.2 76.8 7.0 23.0 14.0 
>.2 12.6 0,90 1,48 0.38 3,63 2.07 1.26 
5.55 9.20 2.34 43.0 3.90 12.80 7,80 
I 
• 92 12.5 13.00 4,8 51.3 S,0 15.5 14.0 
7.7 1.05 1.09 0.40 
33.4 
\51 1.30 1.18 
8.15 8.4-5 3,12 3.90 10,10 9,10 
} 69 U.5 7.40 2,4 31.2 E.5 11.0 13.0 
8^. 5.1 1,07 0.55 o.ie 5.19 0.82 0.97 
7.05 2,48 27.3 5.38 10.50 12.4 
) 50 18,5 4.50 1,50 18.7 1.5 7.1 15.0 
uA 3,2 1.18 0.29 0,095 
18.7 
1.09 0.45 0.96 
18.50 4.50 1.50 ..50 7.10 15,0 
jolnus ash* 

\ 
Table 3« Clionical ccaigjosition in Mcrograns per unit cell lengrth in the first 
five 1 mm, aections of malso root tips Grajn at 25® C« 
Mb« Alcohol Alcohol Iziso 1 
f^ OD Fresh Dry insol. Total Total solt^le H 
tip voight oattor mtter sugars N H <x6. 2 
1 7,20 1,4L 1,23 .06 0.1^ 0.02 0.75 
2 21,40 3.4to 2,70 ,19 0,32 0.08 1,48 
3 62,80 8,10 4,84 .65 0,68 0.25 2.70 
A 96,50 7.50 4,92 1,04 0,52 0.17 2,22 
5 157,00 10,00 5,00 1.05 0.45 0.15 1.87 

In micrograus per vaalt cell length in the first 
C EBlae root tips grmm at 25® C, 
sohol 
30l. 
bter 
Total 
sugars 
Total 
N 
Alcohol 
soluble 
N 
Inso 1« 
H 
(x6. 25) Ash 
Acid 
hydrol. 
inaterials 
Cellulosic 
materials 
.23 •06 O.U 0.02 0*75 ,06 0.18 0,06 
,70 .19 0,32 0,08 X,48 0.13 0,44 0.27 
•65 0,68 0.25 2,70 0.32 0,81 0,74 
.92 1.04 0,52 0,17 2,22 O.IS 0.7S 0,93 
,00 1.^55 0.45 0.15 1.87 0.15 0,71 1.50 
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oonfounded by amino and organic acids, the determinations 
(of. sugar as percent green wt.. Table 2} suggest that 
sugars should not have been limiting for cell development, 
even at the root tip. 
Nitrogenous materials also were being moved from the 
endosperm, but there is no gradient in Table 3 from which 
we oan select a mobile fraction. Soluble (non-colloidal) 
nitrogen was 4 times higher in the third section than in 
the fifth, then tapered slightly toward the tip. These 
figures might be considered to indicate functioning 
protophloem to the third millimeter in which nitrogenous 
materials were moving at a concentration not detectable 
by mass tissue analysis. The relatively high concentra­
tions of soluble nitrogen on a per cell unit (Table 3} 
as well as a green weight basis came in the third section 
where growth was limited to cell enlargement, but where 
proteins were still being synthesized. 
The Van Slyke amino nitrogen determinations were 
probably too low, since free alpha amino groups may be 
blocked by other alcohol soluble compounds (51), reducing 
the amino nitrogen recoveries. Loomls (26) has shown that 
materials in the soluble nitrogen fraction other than alpha 
amino compounds may be physiologically active In protein 
-40-
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Figure 1,  Total reuucinc substsnces (S),  nitrogen (r) ,  and 
aoh {A) in percentage of the gref^n 7;eight end in 
•samms per cell  unit  of oc.isecutive 1 VuV., segiTient:  
of meize root t ips grown at  E5° G. 
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syuthesis end since the amino nitrogen determinations 
made in each segment appeared to be consistently corre­
lated with soluble nitrogen, the specific growth charac-
teristice in primary corn root meristems may be related 
to the distribution of total soluble nitrogen. 
Proteins end i^ sh 
The concentration of the protein fraction charac­
terizing the apical five 1 ram. sections of primary corn 
roots was estimated by converting the difference between 
total and soluble nitrogen into crude protein. The 
conversion factor was 6.25. In the alcohol insoluble 
protein nitrogen, colloidal proteins, which could be 
considered to have already been used in growth, are 
included. The extent of this fraction oould be indica­
tive of the type of growth that took place in each of the 
five 1 mm. section of primary corn roots, provided other 
factors remained unchanged. In the first millimeter, the 
colloidal, protein fraction was high and amounted to 53.0 
percent of the dry weight; in the second milliffleter the 
concentration had dropped to 43.0 percent of the dry weight 
in the third millimeter to 53.4 percent, and in the fourth 
to 27.3 percent. Finally, the region of differentiation 
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was oharaoterlzed bjr a oonoentratlon of oolloidal, protein 
nitrogen of 16.7 percent of the drjr weight. 
The relatively large oonoentratlon of oolloidal 
protein found in the first and aeoond millimeter seotiona 
may be related to minimum tendenoiea for swelling end 
vaouoletion, thus maintaining the phyeioo-ohemioal oondi-
tions moat favorable for division. Enzymatio systems 
operating in these zones could immobilize rapidly, mostly 
through the formation of new protoplasm, a large part of 
the soluble nitrogen available. These suggestions would be 
in aooord with the finding that in primary com roots the 
processes resulting in the formation of new oells were 
confined to the meristematic tissues occupying the first 
and second apical millimeter regions. 
idthough colloidal nitrogen per section decreased 
uniformly from the first to the fifth millimeter, the 
content pex unit of oell length increased nearly four times 
between the first and third sections. If we compare the 
corresponding oell lengths (Table 1) we see that protein 
concentrations were maintained aoross the seoond millimeter, 
in most of which cells were still dividing, but dropped 
slightly in the third millimeter of cell enlargement only. 
It seems highly significant, however, that the protein 
43 
content of these enlarging cells should have nearly 
doubled OTer that of the second section (Table 3). 
Between the third and fifth sections oell length nearly 
doubled while protein and total nitrogen per oell unit 
decreased* If hydration alone had been operative the 
nitrogen content on the unit basis would have remained 
unchanged. The data indicate that some of the nitrogen 
for oell division and enlargement was obtained by digestion 
of proteins as close to the tip as the fourth and fifth 
millimeters. They show also the possibility of oell 
enlargement with either increasing protein (3rd section) 
or decreasing protein (4th section). The last, which was 
shown clearly in the later stages of dandelion stipe 
elongation (7) may not have occurred in this primary 
meristem, since elongation lasted for only a short time 
in the fourth millimeter and the protein digestion may 
have taken place during the latter part of the three 
hour observation period used. 
The mineral content of the growth zones was determined 
gravimetrically, carrying out microincineration at 600^  C. 
The ash weighings were made on a Euhlman microbalance having 
a 50 gamma sensitivity factor per scale division and two 
weighings by the single swing method were made with an 
-44-
INSOL. N AS 
-- PROTEIN 
DRY WT. 
CELLULOSIC MAT. 
X— CRN. WT. 
0 1 2 3 4 5 
SECTION 
Figure £.  Distribution of differentiation products,  in 
garonia per cell  unit ,  of consecutive 1 mm, 
Etiginents of oisize root t ips grovun at  E5® C. 
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interval of two to three minutes between weighings, to 
obtain api.roxiffliBtely E gamma preoision. The ash content 
was oalouleted in gaioma per millimeter section and also 
as a percentage of the fresh and dry weights, j^ sh aooumu-
lated in the apioal 1 mm, section was found to be nine times 
larger than the ash oontent of the fifth millimeter. Quali­
tative oolorimetrio determinations indicated that ash in 
the first and second millimeter Viias rich in potassium, 
especially in the second millimeter, while in the third 
and fourth millimeter calcium predominated over either 
potassium or magnesium. The qualitative test of the ash 
of the fifth millimeter did not yield reasonable indications, 
probably due to the small ash oontent of this zone, although 
there was some evidence of oaloium aooamulation* 
Cell V/all Constituents 
Under the subheading of '^ hemioelluloses" were 
included all the alcohol insoluble substanoes from eaoh 
1 mm. sample which were hydrolyzed by 1 + £0 hydroohlorio 
acid in an open erlenmeyer flask autoclaved at 15 pounds 
pressure for one hour. Total reducing substanoes were 
determined by the eerie sulfate method and calculated as 
glucose anhydrid. The conversion factor to hemioelluloses 
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waa 0,88 and the results were expressed as percentage 
of the dry weight. The slope of the heaicellulose 
distribution graph did not vary significantly along 
the first and second ram. section. At the border line 
of the zone of division and enlargement, and rapid 
enlargement, the relative rate of change was equivalent 
to a decrease of 65 percent and between the regions of 
rapid and slow enlargement the slope rate of change was 
found to be null. At the borderline of the region of 
slow enlargement and differentiation the slope dropped 
around 80 percent. 
The results of the direct cellulose determinations 
were invalidated by unknown amounts of hydrolyzed proteins 
and other reducing substances which were confounded with 
celluloses. On the other hand, since llgnln and other 
differentiation products are present probably in non-
deteotable concentrations in these sll^ tly differentiated 
meristematic regions, the concentration of cellulosio 
materials in each one of the first five 1 mm. sections 
couldbe represented by the weight difference between the 
residue from the acid hydrolysis and total ash. 
Cellulosio materials increased from the terminal 
section to the region of cell differentiation, fifth and 
sixth mm. The relative deposition of cellulosio materials 
-47-
varled from one section to another. In gamma per section 
there was no increase between the second and fifth sections, 
but as a percentage of total dry weight, and especially on 
a per cell basis, oellulosic materials increased rapidly 
in the older, more differentiated cells. 
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GROWm IN VITRO 
M examination of the ohemloal structure of Intaot 
tissues and the desorlptlon of Its relation to changes 
In merlsternatic activity may reveal the nature of the 
sequence of the cell division and enlargement processes. 
A study of the effects of Induced ohemloal changes as 
sections develop under controlled conditions may also 
furnish Information on that point. The olearly defined 
growing regions at different rediole levels of prlmazy 
malze roots offered an opportunity for vitro treatments 
of distinct meristematio regions. In view of recent 
Interest on auxin action, a number of auxin concentrations 
were tested in separate Z mm. sections suspended in aerated 
nutrient solution (4, 5£}. ISie data on growth and chemical 
oompositlon after a 24 hour growth period are shown in 
Tables 4 and 5. 
Indoleacetic acid was related to the developmental 
changes in isolated meristematio sections in at least 
three different ways. In the division zone, a 1 x lO'^ /l 
induced a retarding action in the gain of both fresh and 
dry weighiis an'l in section length, while the metabolic 
aotlvltles of the enlargexaent zone appeared to be 
completely InMbited and the sections killed with fresh 
and dry weight losses. In sections suspended in 1 z 10"^  
and 1 X lO'^ M/l abnormal meristematio activities such as 
branching, callous formations and bending were observed. 
Finally, sections treated with 1 x showed a rela­
tively large growth stimulation as manifested by gain in 
section length and fresh weight. These zones were largely 
vacuolated and had small root diameter* 
Burstrom (5) found in isolated wheat root segments, 
retardation and stimulation under the same auxin concentra­
tion at different intervals after application and at different 
stages of meristematic development. Furthermore, the findings 
of Chao and Loomis (7^ ) that protein and hormone synthesis 
within the cell stimulated enlargement was indicative that 
auxins alone were unable to carry out relatively large 
growth stimulation without accompanying protoplasm synthesis. 
Since in the apical 2 mm. section of maize root tips most of 
the protein condensation reactions were found to occur, (cf. 
Table 2), a relatively large growth response due to auxin 
could be anticipated. In the apical Z mm. section, the growth 
response was found to be larger than that of the third and 
fourth mm., thus yielding support to the previous inference. 
Total sugars accumulated in the sections treated with 
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Table U* The ^  vitro effect of Indoleacetic acid oa 
the oz'outh and cheinioal o^ iipositian of the apical 
2 loerlBtQEiatic portion, of prixoaxy naize roots 
groun in mi'bilent solution at 30° C, 
} t tGaxattatCanmat % tTotal tSoliible lAloohol 
l.A.A.iLengthtDiaQetertfre8hs dry sdiytstiearf initrogen,)insoluble 
tin mut an, s i/t« : vt« lut.xjS gtu^ « :mtterf 
At beginning of Experiment t 
Check 2*0 0,8 1800 310 17.2 •78 0.25 257 
At end of 2JL hourst 
Check 7*7 1,0 4300 610 U.2 5.80 0.96 260 
isior^  A.5 0.8 2800 37-4 13.5 5.60 1.12 — 
2x10"''' 9,5 1.2 3A0O 420 32.3 3.18 0.52 — 
IsKT® U.3 0.6 6350 620 9.3 2.57 0.49 39-4 
23C10"9 15,^  0.7 8275 760 9^ 2 1.54 0.33 540 
Si-
Table 5. The to vitro effect of iJidoleacetic acid on the 
growth and cfcejnioal coraposition of the enlargement 
zone (m. 3 and 4-) of primxy maize roo-tegroon in 
nutrient solution at 30^ 
i t tGassoasGaranSLi % (Total tSolifljle lAloohol 
l.A.A.tIiength iDiametersfresht dxytdxyisxigar, tnitrogen}insolnble 
M/1 lin ma, t nan, i vt.j wt.int.ijS gn^ wt.t^  gtt«wt,iiaatter. 
At beginning of E:^ erimenti 
Chedc Z,0 1,2 25A0 260 10,2 1,10 0.35 165 
At end of 24- hottrst 
Check 2.0 1.4. 2640 300 11,3 3,80 2.4.0 171 
3x10-6* 2.8 0,8 1870 130 6,9 0,17 0.15 — 
1x10-7 3,8 1.6 3120 360 11,5 2,20 0,60 — 
1x10"^ 6.3 1.5 5900 480 8,2 1,60 0.4.7 337 
IxlO"^ 7.6 1,3 3940 300 7.6 1,40 0.20 230 
S^ection killed by excess hormone. 
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Figure 3. The growth in vltyo of the division zone 
(mm. I and of priiaary maize roots grown 
in nutrient solution with varying oonoentra-
tions of indoleaoetio aoid. From top to bottom, 
length in mm. at ;^ e end of 24 hours of the oheok, 
1 X 10-6, 1 X 10-^ , 1 X 10-® and 1 X 10-»M/1 of 
indoleaoetio acid* 
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Figure 4. The growth In "yltro of the enlargement zone 
(mm. 3 end 77 of primary maize roots grown In 
nutrient solution v>lth varying oonoentrations 
of indoleaoetlo aold. Ffom top to bottom, length 
In xnm. at the endi^ of 24 hours, of the oheolc, 
1 X 10-6, 1 X 30-", 1 I lO-e and 1 I 10-9m/1 
Indoleaoetlo add. 
k % 
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Flgore 5. The growth in vitro of the differentiation zone 
(mm. 5 and FT of prlioary maize roots grown in 
nutrient solution with varying oonoentrations of 
indoleaoetio sold. From top to bottom, length in 
moi. at end of.24 hours of the oheok, 1 z 10"^ , 
1 X 10" , 1 I 10""® and 1 x 10"®M/1 indoleaoetio 
aoid« 
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1 X 10"'' and 1 x The percentages of the fresh 
weight were found to be two and three times larger than 
Ihose found In Intact root sections. The division end 
enlargement zone treated with 1 z 10"®fVl showed sugar 
concentretlon approaching standard level. In the 
division zone the relative deposition of alcohol insoluble 
material increased two times, and in the enlargement zone it 
increased one third. 
The sucrose in the nutrient solution was replaced by 
glucQse or glucose-l-PO^ . 2 mm, meristematic sections were 
suspended in £ ml. aerated nutrient solution plus 1 z lO'^ /l 
indoleacetio acid. The pH was adjusted with citrate buffer 
between the range 4.0 to 6.5 at 0.5 intervals. The flasks 
were incubated at 30^  C. Growth variations at the end of 
18 hours are shown in Table 6. 
The relatively largest gain in section length occurred 
In the cultures containing sucrose, followed very consistently 
by the gain in section length which took place in cultures 
containing glucose as the carbon source. No growth took 
placein the cultures containing glucose-l-PO^  at pH other 
than 5.0. The apparent inability of the meristematic maize 
root systems to utilize glucose-l-PO^  at pH other than 5.0 
may be considered in oonneotion with the blocking of phosphatase 
systems. It has been shown (47) that these enzymes operate 
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undex a xather restricted liydrogen ion level. Jkround pE 
5.0 tJie mono-hexose phosphatase system operating in maize 
roots probably reeohed a minimuia aotlTlty level, and 
gluoose-l-PO^  diffused in on a oonoentratlon gradient. 
Onoe inside the protoplasm, the oompoond probably was 
incorporated in the usual carbohydrate pathway, pH 
5.0, sections grovfn in gluoose-l->P04 showed as good a 
growth response as those grown in sucrose and better 
than those grown in glucose* 
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TaLlo 6, Tho yltrg Influonco of different nucaro on the 
dovolopnont of tho sone of division (m« 1 and 2) 
tuid oular^jonmt (a;. 5 and ^4.) of primry miao roots 
grown at 30® C. in nutrient oolutlon adjuoted at 
different pH« Length of 2.0 nm, sepunto at the 
end of 18 hours* 
Substrate Reclon pH 
A,0 A.5 5,0 5.5 6.0 ^.5 
"SSft glucose Division 2.7 3.0 A.5 C).5 6.8 7,0 
Bnlargooesit 2.5 3.0 A.O 5.8 6.0 6.3 
2^  eluooso- Division 2.0 2.0 7.0 2.2 2.0 2.0 
1-PO/ 
EnLiz^enent 2.0 2.2 5.0 ?.,2 2.0 2.0 
7$ sucrocc Division 3.5 A»0 7.0 7.9 3.3 S,5 
Enlarccnent 3.0 A.O 6.0 7.0 7.0 7.2 
A 
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10.0 
DIVISION ZONE 
SUCROSE 
8.0 
iLUCOSE 
GLUCOSE I-PO 
2.0 
6.5 7.0 5.5 6.0 5.0 4.0 4.5 
ENLARGEMENT ZONE 
-
^SUCROSE 
O 
^ GLUCOSE 
1 1 1 
/GLUCOSE 1- PO. 4 
0 
1 
4.0 4.5 5.0 5.5 
P H  
6.0 6,5 7.0 
6. The length after 18 hours of the division 
(0131, 1  and 2) and enlargement (mm. 3 and 4) 
zones of primary maize roots grown vitro 
in nutrient solution with different carbon 
sources, in the pH range from 4.0 to 6,5. 
Pigure 7. (Scowtli in vitro of the division (right oolumn) 
and enlargement (left ooliLom} regions of maize 
roots at three pH levels with three aarbon 
sources, From top to bottom (by groups of 
three}, pH 4,0, 4.5 and 5.0; within groups, 
top to bottom, 25^  gluoose, 25J gluoose-l-PO^ , 
sucrose. 
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Figure 8. Growth vitro of the division (right 
ooloDoi) and enlargement (left oolomn) 
regions of maize roots at three pH levels 
with three oerbon sources. Top to bottom 
(by groups of three), pH 5.5, 6.0 and 6.5; 
within groups, top to bottom, 2^  gluoose, 
Z'jh gluoose-l>PC4, 2^  sucrose. 

Figure 9» Tlie growth in vitro of the division zone 
(ooi. 1 end IT of primary maize roots grown 
in natrient solution at pH 5*0 with different 
oarbon sooroes. From top to bottom, length in 
mm. at the end of 18 hours of the oheok, glaoose, 
gluoose'-l-FO^ and suorose. At the bottom, a 
section grown in saorose at pH 6.5. 
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RESPIRATORY REACTIONS 
Aeroblo Respiration 
The gas loeasurements were estimated by placing 
50, Z mm. outs from each growth zone of germinating 
seedlings in a V^arburg flask. The sample volume was 
adjusted to 3.00 ml. In the flask for 0. uptake deter-
Si 
mlnatione» 2,6 ml. phosphate buffer, pE 6.0, was added, and 
0«20 ml. 20 percent KOH was added In the center wall, allowing 
0.20 ml. for tissue yolume. In the flask for aerobic CO^ 
evolution determinations, the KOH was omitted, adding 2.8 
ml. phosphate buffer and allowing 0.20 ml. for tissue 
volume. 
The CO evolution was measured by the Warburg direct 
A 
method. The correction for bound CO^ calculated in one 
experiment was found to be small, and the uncorrected *^C0£ 
was considered adequate for our cougparisons. The results 
of these determinations were expressed in mu-l taken up 
per mg dry weight of tissue per hour, and ^^COg and In 
mu-l taken up per mg tissue nitrogen per hour, ^ 0£(N} and 
'^COgiN). The total nitrogen of each individual sample was 
estimated following the procedure previously described. 
\ 
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Endogenoue respiration 
Stabilization periods after cutting of 20 minutes, 
1 hour and 2 hours were allowed for the material in eaoh 
set of flasks before closing the manometer stopoook. Each 
experiment was repeated three times. Two kinds of informa­
tion were derived from these determinations. First, the 
changes in respiration rates after different intervals, 
and second, the reproducibility of rates of respiration 
found in eaoh growth zone after a speoifio stabilization 
Interval as measured by the standard error of the mean at 
the five peroent probability level. These data are shovm 
In Table 7. 
The rate of Og absorption decreased consistently with 
time after outtlng. After a two hour depletion period the 
^OgCN) dropped 31 peroent in the division zone, 21 peroent 
in the enlargement zone and ZZ percent in the differentiation 
zone. This trend suggests that the endogenous rate of respira­
tion In the merlstematlo system of primary maize roots depends 
largely on a steady supply of substrate from the seed. 
After a 30 minute stabilization period the ratio between 
C0_ produced and Oq absorbed (respiratory quotient) in the 
a 
differentiation zone was found to be 1.02. Further stabili­
zation periods did not alter significantly the respiratory 
Table 7. Inf?-uence of tliae aftoi'cutting on the aodosonous rate 
of oxygon consumption ( Og/ag dry yt,, %2 total 
rdtrogen), aorobio CO2 ovolotion (%0^r3g diy ^ Jt,,) 
mg total nitrogen) and respiratory quotients of 
jaeristeraatic oalse root segments at 30 + 0,25° C, 
Region Time ^02 
Qop QC02 QGO?. Resp: 
quofb, dry wt. total N dry vrfc. total N 
30 lain. 7.1i0,9 6,24;1.0 71+17 mm o.ss 
1 hr. 6,3^1,3 7^17 5,3+1,5 6%15 0.9/^ 
2 hrs. 5.1+1,6 5%21 5,:^i.8 61+19 1,05 
30 min. 7.6!;1.0 10eH;32 7,1+1.3 100^22 0,94. 
1 hr. 6,9^1* 5 9%16 6,^1,1 94tl4. 0,98 
2 hrs. 4,%2,i 8%27 A,%1.3 8^17 1,15 
30 min. 6,9^0.7 7f^ 7,1+0,6 7%12 1,02 
1 Iir, 6,2+1,0 7^10 6,1+1,0 7%L4 0,99 
2 hrs. 5,6+1,2 6l-fl2 «i« 5,%1,1 6q|-33 1,03 
Division 
an, 1 and 2 
mi, 3 and 4-
Differea-
tlaticstt 
m, 5 aiod 6 
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quotient In this region which remained very olose to 
1.00. Respiratory quotients around 1.00 Indicate complete 
combustion of a carbohydrate molecule. The respiratory 
quotients found in the fifth and sixth millimeter section 
suggest complete oxidation of carbohydrate molecules and/or 
compounds with similar oxygen/carbon ratios. The fifth and 
sixth millimeter sections have shown the largest concentra­
tion of carbohydrates, (cf. Table 2). The respiratory 
mechanisms operating in these sections could be adjusted 
primarily to the breakdown of such substrate because of 
availability. 
In the enlargement zone, a 30 minute depletion period 
yielded a respiratory quotient of 0.94, suggesting incomplete 
oxidation of a carbohydrate substrate, probably with the 
production of other oxygen respiratory intermediates still 
oxidizable, rather than CO^ and water. After a one hour 
depletion period, the respiratory quotient increased to 
0.98 and after a two hour period it increased to 1.15; 
this excess of COg evolution over Og consumption provides 
Indirect evidence of respiratory intermediate accumulation, 
(aerobic glycolysis), related to prolonged depletion periods, 
thus yielding larger proportions of COg. A comparison of the 
^^OgCN) ("unit of respiring protoplasm") within the same 
radicles, indicated that the enlargement zone (third and 
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fourth lollliaater segment), showed the largest ^O^lN) 
and ^C02(N}, amounting to an average Inorease of 20 
percent over the other t-wo segments, suoh respiratory 
activity oould be related to a relatively large endogenous 
supply of substrate end adequate provision of minerals, as 
found espeoially in the third millimeter section from the 
root apex (of. Table 2). 
In the division zone, (first and second millimeter), a 
30 minute depletion period brought about a respiratory q.uo-
tlentof 0.68, suggesting oxidation of compounds with low 
oxygen/carbon ratio* and hydrogen content larger than in 
carbohydrates, (e g. proteins or fats). The oxidative 
breakdown of these compounds requires ncre than one 
molecule of oxygen for each molecule of COg produced, 
and respiratory quotients smaller than 1.00 would result. 
The observed respiratory behavior in the first 2 mm. segment 
may iiave been regulated by the nature of the available sub­
strate. In these zones there was found to be a relatively 
large concentration of protein nitrogen and a low concentra­
tion of carbohydrates, (cf. Table 2). One and two hour 
depletion periods increased the respiratory quotient to 
0.94 and 1.05 respectively, indicating again some changes 
in the concentration of available respiratory intermediates. 
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Tiie extent to whioh these results oould be repro­
duced ;vas estimated by oomparlng standard errors. If 
these determinations were repeated under similar experi­
mental conditions with similar material, 95 percent of the 
times the new endogenous respiration rate mean would fall 
within the range found In each growth region. This 
comparison showed that the enlargement zone had relatively 
the largest mean discrepancy at any stabilization period, 
being more accentuated as these became longer. The division 
zone showed standard errors more clustered around the mean, 
but also the discrepancies were larger as the depletion 
periods became longer. The differentiation zone showed the 
smallest standard error. These variations in the division 
and enlargement zones probably Indicate larger susceptibility 
even to slight difference in handling than the differentiation 
region. 
Exogenous respiration 
The effect of the addition of respiratory substrate 
was estimated in the merlstematio regions of primary maize 
roots, i^fter an equilibrium period of two hours, 0.5 ml. 
of a 2 percent sucrose in solution and in nutrient media 
was added. This was followed by a new induction period of 
one hour, after which the gas exchange was measured again. 
68 
Huns on respiratory quotients were made at 4, 7 and 10 
hours. In the tenth hour the rates reached a peak not 
ezoeeded during extended periods. The changes in Og 
uptake and COg evolution are shown in Tables 8 and 9. 
In the division zone, suorose in nutxient solution 
showed larger effects on the endogenous ''-Oq(N) than suorose 
alone, afflounting to an average increase of 30 percent. The 
addition of substrate stimulated COg evolution over Og up­
take and therefore the respiratory quotient increased. 
The sections suspended in suorose showed an increase in 
respiratory quotient from 0.88 (endogenous) to 1.10 
(exogenous), while sections suspended in suorose and 
nutrient solution showed an increase in respiratory 
quotient from 0.88 (endogenous) to 1.03 (exogenous). 
These results indicated some shifts from protein to 
carbohydrate utilization. 
In the presence of external substrate, the enlarge­
ment zone showed larger Og consumption than the division 
zone. In sucrose alone, the 0^ uptake was found to be 
around SO percent higher than that of the division zone; 
in sucrose and nutrient solution around 13 percent higher 
than that of the division zone. This somewhat large Og 
uptake of the enlargement zone was probably related to 
larger absorption of sucrose which may have been induced 
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Tablo 3* The ©ffoct of added sucroso stabstroto on "the 
ojygon consumption (QOg per Eg dry irb,, *02 por 
OR total nitrogen), and aerobic COg evolution 
(^Og per I2g dry \rt,, ^ Og per rag total nitrogen) 
of rieristeariatlc naiso root segnonts incubated at 
30 + 0,25® C, 
Region Hour •' ^ Reap# 
^ per lag per mg per ng per mg quot, 
dry vt, total H dry wt, total N 
ua.v3.Bioa 
nm, 1 and 2 ^ - 5 lO.-^l.O 11^10 11,1±.90 9%10 1.0/> 
7 - B 12'hl'7 13.5^1,8 13%16 1»09 
10-11 a2,0tl,6 132+18 13»2^2*0 lAO^ ZO 1.10 
Ealai^ement - 5 12.7^1.3 152+15 162+U 1,09 
ma* 3 and Jy to 1 l/(.,^2«8 19%38 16.^2.5 22^16 1.14. 
10-11 13.911,9 18^25 15.9it2,l 20^17 1.3^;. 
Differen­ 4 - 5  6a'^l«2 8^32 7.C^1,0 1.03 
tiation 
ism* 5 and 6 7 - 8  7,%2.5 89^2^ 8,0^1,8 9%17 1.05 
10-11 7,^3,4- '?9±2A 8.Ctfc3.1 77+22 1.07 
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Tnble 9, T)ie ofi'oct of addccl nucroso pluo nutident solution 
on tljo ojycon cjonsurwtlon (^02 i)or nc «-!ry wt, and 
per rc total N), aerobic CO2 evolution (^Op> por iqc 
cliy \;t, and por eg total N) of Morigtemtio ':aize 
root socmentn incubated at 30 + 0,25® C, 
R09P» 
Rogloa Hour pgr ng per l^g por jgg per ng quot, 
dry wt, total N dry irt, total N 
Division A » 5 
am, 1 and 2 
7 - 8  
10 - n 
EnlargeBicnt I, - 5 
mm, 3 and 4-
7 - 3  
10-11 
Diff erex>- 4 - 5 
tlation 
xnn. 5 and 6 7-8 
10-11 
I0.55tl.6 110t7 10,%l,0 10^ 7 0,9Ji 
11.(^ 1.8 I50i;i9 ii,%;>,0 15^ 10 1.01 
23.^ 2.0 17^ 21 23,9tia IT^ U 1,03 
1/,.3±1.6 132+21 15.0^1,5 15%13 1,05 
I4.9it0,7 20%9 16.1+1,0 21%17 1.08 
U.^1.5 21C)tl9 15.94;2,0 229^20 1,10 
8.%1,0 
3,1+1,3 
7^5 8,c+,6 VSjrlO 1,03 
6^h2i^ 
S) 
•
 
to 
6i'^15 0,99 
6^25 8,%1.6 6/+17 1,02 
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by more efficient absorbing meoiianisms operating in this 
region. The respiratory quotient did not vary from the 
endogenous value (of. Table 7) and showed slight tenden-
oies tovi/ard reduced aerobic glycolysis. 
In the fifth and sixth millimeter the increase in 
the rates of gas exchange in the presenoe of substrate 
was found to be non-significant, suggesting a rather 
limited metabolic capacity and not so much starvation. 
Similarly, the respiratory g.uotient8 remained almost 
unchanged as compared to the eo^enous respiratory quo­
tients. 
Respiratory Inhibitors 
A preliminary investigation of the nature of the 
respiratory systems in maize root tip meristems was based 
on the assumption that any qualitative difference between 
the mechanisms operating in the division and enlargement 
zones could be indirectly obtained by comparing the effects 
of added respiratory Inhibitors on the gas exchange capacity 
of these zones. Chief attention was given to cyanide which 
has been suggested to be a poison for the metal containing 
oxidase systems (8) and to iodoacetate because of a postu­
lated relationship between an iodoacetate sensitive fraction 
"IZ" 
of respiration and elongation (10). 
Effect of cyanide 
The partial cyanide inhibition of endogenous ^ 0. 
(M 
observed in the division and enlargement zone (Table 10} 
suggests the existence of one or more cyanide stable 
respiration systems and one or more cyanide sensitive 
respiration systems. In the presence of sucrose, the 
of either zone increased and also the percentage inhibi­
tion, since the amount of cyanide stable respiration was 
found to remain constant, particularly at the higher 
cyanide concentrations. This behavior suggests that the 
addition of sucrose was not shared by the two systems, 
and that the cyanide stable respiration system seemed to 
be separated from the cyanide sensitive system. 
At any molar concentration the division zone showed 
a lower percentage inhibition than the enlargement zone. 
Such response was probably releted to the nature of the 
predominating substrate. The division zone has been found 
to be rich in proteins and low in carbohydrates (of. Table 2) 
and the opposite held for the enlargement zone. Earlier 
findings (6) have indicated that cyanide sensitive systems 
appear to use carbohydrates and similar substrates predoml-
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Table 10. The effect of cjyanide concentration on the endoconoua 
and exogenous P2 intake (^P2/s5G dry wt,) of primry 
nftize root meriotGiaatic soctions incubatod at 30 ^  
0.25® C. 
Cyanide 
molar 
cono. 
Region 
Endogenous resp, 
QOo/oe dry wt. 
1 hour 3 hours 
Cyanide 
sensitivity* 
Exogenous rei 
1 hour 3 1 
0 Division 6,3±1»0 4-»^ 0,8 12.0^ 2.0 12, 
Enlargement 7,5^ 1.0 4-»2^1«2 U.5il,8 u. 
1 X lor^  Division 5.%1,3 3.4.+O.6 3. 12.%2.3 12, 
Enlargement 7.1+1.2 4.^ 1.5 U U.%1.8 12, 
1 X 10r5 Diviaioo 10.%2.2 8, 
Enlargement U.9i2.1 5, 
1 X 10-^  Division 6.^ 1,2 3.%.3 42, 32.^ 1,3 4, 
Enlargement 7,6+1,0 3.^ ,8 58, 13.8+0,9 2, 
1 X lor^  Divisiota 12.(>tl,9 2, 
Enlargement U.^ 2,1 1, 
1 X 10-2 Division 6.%1,5 l.TtO.il U, 12.1+1,7 1.J 
Enlargement 7.C+0,9 0.0 100. 13,^ 2.7 
Cyanide sensitivity = 
at the end of 3 hours 
Original resp# rate - Cyanide reap, rate ^ 
Original reap, rate 
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?anide congentration on the endogenous 
> \^ta3ce ( P2/iBg dry wt,) of primaiy 
stemtic sections Incubated at 30 + 
Endogenous resp. Exogenous reep, 
Qpo/mg dry irb. Cyanide ^'^Og/ng dry wt. Cyanide 
1 hour 3 hours sensitivity* 1 &ur 3 hours sensitivity# 
'•^ 1»0 4-*2jhOa8 12,0^ 2.0 12,30tl.3 
•^^ 1,0 4-e35j^ l»2 14..5il.8 li4>. 10|hl.6 
5.%1.3 3»4+p«6 3. 12.^ 2,3 12.%1,6 0. 
7.1tl»2 14.<^ 1.8 12.Citl.4 15. 
10.8f2.2 8,^ 1.2 24. 
14.9^ 2.1 5.9+1.5 60. 
5,%1,2 3.%.3 32.i^ l.3 4-.Qfrl.O 67. 
^^ ti.o 3,^ .8 58. 13.%p.9 2.9ttl.5 79. 
a2.Qtl.9 81. 
14..^ 2,1 1.4ib,2 98. 
>.%1.5 U, 12.1+1.7 l,%0e4 85. 
7.CtO,9 0.0 100. 13.%2,7 0,0 100 
>al reap, rate •» Cyanide reap. TOte 
Original re^. rate 
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nantly, while stable systems tend to oxidize protein or 
fats, and that moat variations in 0 uptake oocur nlthin 
A 
the oyanide sensitive aystems alone. From this differen­
tial cyanide susoeptibility between the division and 
enlargement zones it beoame apparent that the cyanide 
sensitive system operating in the enlargement zone was 
very active and responded more readily to variations in 
some of the factors which affect the ^0^ (e g. sucrose 
addition), while the cyanide stable respiration system 
operating in the division zone aooounted for a small 
amount cf oxygen consumption. 
The Ija vitro effects of cyanide were followed on the 
apical Z mm. segments suspended in aerated nutrient solu­
tion plus 1 X lO'^M/l indoleacetic aoid during 18 hours at 
Q 30 C. The observed growth response and the induced chemi­
cal changes are given in Table 11, 
(Qualitatively, growth appeared to be more sensitive 
to cyanide than respiration, partioularly at the higher 
cyanide concentrations. Tissues exposed to the action of 
1 I 10"%/l and 1 X lO'^ M/l of oyanide were killed, (of. Fig. 
—4 10), and although sections treated with 1 x 10 showed 
a gain in section length, there was a loss of green material 
equivalent to 85 percent of the eheok. It seems probable 
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therefore, that oyanlde Interfered either with the 
formation of essential growth intermediates or with the 
utilization of energy derived from some of the aerobic 
respiration prooesses. 
•fcffeot of iodoaoetate 
A representative sample of the zones of division, 
(mm. 1 and 2), and enlargements, (mm. 3 and 4), was sus-
-9 . 
pended in aerated nutrient solution plus 1 z 10 M/1 
Indoleaoetio aoid. i^ter an equilibrium period of 30 
minutes the manometer stopoook was olosed snd the exogenous 
respiratory quotient was estimated in the following hour, 
lodoaoetio aoid in concentrations ranging frota 5 x 10 ® 
O 
to 1 X 10 U/l at 0.5. was added at the end of the second 
hour. TMs was followed by a new induction period of one 
hour, after which the gas exchange was measured again. These 
data are shown in Table 12. 
Q 
The respiratory quotient decreased. The 'CO^ decreased 
rapidly during the first three hours after the addition of 
the inhibitor. It then leveled off to a minimum volume not 
exceeded during an extended period of time, which indicated 
maximum inhibition. In the division zone the strongest 
concentration reduced aerobic CO. evolution to 70 percent 
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Tablo 11, TIio to vitro offect of cyanide on tli0 apical 2 
nerlstojnatic portion of iimiao root groim in autx'ient 
solution plus 1 X ICr^l/l indoleacetic acid and incu­
bated for IS hoirrs at 30° + 25® C, 
Total 
Gaiam sugars, Soluble H, Alcohol 
Cyxmide Length Diaiaeter fresh % gm« % gm« Insoluble 
in m, in ima. xrt, wt, vt, natter. 
hpyrinning of exuerljasat» 
Check 2,0 0»S 1750 0,75 0,20 260 
At end of IB hoiarst 
Chsdc 7,5 1.0 5350 1,86 0,37 390 
lalO-5 5.1 1.2 4280 3.22 0,65 160 
1x10"^  A,2 1.0 270 0.10 0,75 63 
lidOrS 3.1 0,7 103 0,03 0.07 21 
ixicr^ 2,0 0,5 175 0,05 0,10 IS 
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METRIC SYSTEM 
Plgure 10. The effect of cyanide on the developiaent of 
the division zone (moi. 1 and 2) of prioaxy 
maize roots grown in vitro in nutrient solu­
tion, Tsoa. top toTottoa, length in mm* at 
the end of 18 hours of the sections grown in 
1 X 10-2. X X 10-^, 1 X 10-4, 1 ^  10-Sm/1 and 
check. 
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of tho original ezo^onous volume, while the enlargement 
::one showed more sensitivity to iodoaoetate. In the range 
1 X 10"® to 1 X 10"®M/1, tht f»»olution of CO^ varied from 
73 to 15 peroent of the oheok, respectively. 
This differential iodoaoetate sensitivity was probably 
related to the ocnoentration and type of metabolite substrate 
in eaoh growth zone. The probable nature of iodoaoetate 
action has been shown to be due to its combination with -SH 
radicals end recently it has become loicwn that proteins con­
taining sulphydryl groups are essential components of a large 
number rv enzyme complexes. The wide range of auoh enzymes 
leaves a relatively large number of respiration end growth 
processes on which iodoacetio acid may act. tendencies 
toward reduced aerobic glycolysis suggest that the principal 
site of inhibition may be the triose-phosphate dehydrogenase 
system, shown previously in bean stem slices (44) and yeast 
(16). 
The effects of similar iodoacetio acid concentrations 
were measured on the growth and chemical composition of the 
apical Z mm. section grown in nutrient solution plus 1 x 10" m/1 
indoleacetic acid. Tissues exposed to 5 x 10" lVl/1 were killed 
and 5 x 10*^ and 5 x 10"®M/1 produced distinct deformations 
such as partial ruptures and bending (Fig. 11). Northen (36) 
suggested that protein dissociation leads to increases in 
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Table 32, The influence of monoiodoacetic acid on the respiratory 
quotient of primary maize root meristenHtic sections 
incubated at 30 + 0,25® 0, 
lodoacetato 
1'^ liours 
pivi3ion(im.l&2) 
Poop, 
mg clry Quot, % 
trt, Inh. 
Enlar gaaent (ma. 1&2 ) 
QO^/ Resp, 
Jag cliy Quot, % 
vt, Inh, 
1 X 10^  
5 X 10^ 
1 X lor'i' 
5 X 10-''' 
1 X 10-^  
5 X icr^  
1 • 2» 10,5 1,03 12.5 1,00 
3 - 4  11,0 1.03 0 15.0 0,78 22 
4 - 5  15.5 1,01 2 3^ ,2 0,75 22 
11-12 16.0 1,01 2 16,9 0,73 27 
1 - 2» 13.3 0.99 11.4 1.02 
3 — 4 14.6 0,90 9 18,1 0,69 32 
4 - 5  19.4 0,88 11 20.1 0,49 52 
11-12 18,3 0.8S 22 13.4 0,43 58 
1-2* 11.4 1.02 11.8 1,08 
3 — 4 16,0 0,91 n 16.4 0.53 51 
4 - 5  18.9 0,91 11 15.1 0,45 59 
11-12 11.4 0,89 13 U.5 0,44 58 
1-2* 11,7 1.07 12,1 1,10 
3 - 4  11,7 0,97 9 17,9 0,72 35 
4 " 5 13.1 0,95 12 19.0 0,63 52 
11-12 17,7 0,93 13 11,6 0,40 64 
1-2* 10,9 1,00 12.1 1,00 
3 - 4  17,4 0,90 9 13,6 0,45 55 
4 - 5  20,2 0,87 13 11.7 0,29 71 
11-12 17,0 0.85 15 9,7 0,15 85 
1-2* 12,7 0,98 
3 - 4  U.0 0.74 25 
4 - 5  14.3 0,72 27 
11-12 13.6 0,69 30 
^Inhibitor added at the end of second hour. 
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Figure 11. TJie effect of jnonoiodoaoetic aoid on the 
development in vitro of the division zone 
(mm. 1 end zT"of primary maize rootfi grown 
in nutrient solution. Prom top to bottom, 
appearance at the end of 24 hours of the 
oheok, 5 x 10"6, 5 x 10"^  and 5 r lO'^ M/l. 
••81— 
peptides with -SH groups* The presence in the first and 
second aiilliiaeter of large proportions of• sulphydryl 
enzymes whioh ere imorvn to catalyze dehydrogenation 
* 
processes (37), is postulated. A complete Immobilization 
of the liberated groups essential for dehydrogenase 
and oarbohydrase aotlon may e:^lalA the observed inhibi­
tion of growth by iodoaoetio soid. 
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HYDRATION 
The hydration of a tissue may be estimated quanti­
tatively from its relative proportions of water and dry 
matter, we have used the ratio 
G-reen weight - dry weight s Hydration ratio 
Dry weight 
as an index of this change. The dry weight percentages 
were determined for the first five 1 mm. regions in radi­
cles grown at 25° C. (Table 2, Fig. 12). The percentage 
of dry matter decreased nearly three times from the first 
millimeter to the fifth millimeter. Accordingly, the 
hydration ratios increased from 4.3 to 14.6 between the 
first and the fifth millimeter regions. Since cells 
located in the central cylinder contain larger than average 
percentages of dry matter, still larger amounts of water 
may be expected in cortical cells located in the outer shell. 
At any radicle level the extent of hydration probably 
depends upon a balance between external factors (e g. availa­
bility of water and temperature) and internal factors (eg. 
auxin and food supply). An attempt was made to estimate the 
separate contribution to vacuolation given by each of these 
factors. The influence of water availability and temperature 
83 
on water uptake was measured in the following manner. 
Two representative samples of the first five 1 mm. sections 
were weighed in minimum time after cutting, then suspended 
in aerated distilled water during one hour at 5° and 30° C. 
respectively. The samples were blotted and fresh and dry-
weight estimated subsequently. My departure from the 
original fresh weight was assumed to be related in part 
to the elasticity, but particularly to the plasticity of 
the cell walls. The data of two separate experiments are 
shown in Table 13* 
Dry weights were determined at the end of the experi­
ments and reflect the greater respiration losses and 
possibly greater leaching at the higher teii$>erature (of. 
Tables 2 and 13). For these reasons the apparently slightly 
hi^er hydration obtained at the higher ten^erature cannot be 
considered significant• At the lower temperature the esti­
mated hydration was of the order of Z percent, with very 
little difference between the sections. Simple swelling 
by water absorption had very little effect on the hydration 
of these meristematic tissues. 
The interrelationships between sugar, auxin and 
hydration wsre estimated in 2 mm. sections of the regions 
of division and enlargement. One set of samples was used 
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Figure 12, Dry weight percentage and hydration ratio oi 
consecutive 1 mm. segments of primary maize 
root tips grown at 25® C. 
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Table 13 • The Influence of ijater 
on v/ater absojTption by-
tic regions of primary 
availability end tar^perature 
tho first five 1 m, neristeca-
aalzQ roots. 
Gansna gm. 
I-fci. weight Garana 
frcsn Taro, Before After dry Dry wt. % 
tip ®C» soak soalc wt. Before After 
1 5 665 6BA 326 19.0 18.5 
30 643 662 117 3S.2 17,1 
2 5 1122 1170 181 16.1 15,5 
30 mo 1200 168 15.1 U.0 
3 5 1235 1258 151 32.3 12,0 
30 1210 1306 m 11,9 11.0 
A 5 13S0 mo 104 7,6 7.4 
30 3370 3425 100 7.3 7,0 
5 5 1600 I6it0 100 6.2 6,1 
30 1560 1590 92 5.9 5,7 
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Table M* TIae Influeace of suci'one and auxin on ^ter 
absorption by the inBrlstoinatic regions of 
primiy riiiso roots incubatod at 30° C, 
GesiES. Gaxm  ^
Substrate HeBion frosh dry Dry 'irb, 0 (N) I^^dration 
wt, ut, ^ ^ ratio» 
At befTinning of experiUBnt; 
Clieek Division 1770 300 16,9 S<^15 /+,9 
(water) 
Enlarsesnent 2600 260 10,0 70^10 9.0 
At and of second rsspiration teat: 
Gbddc Division 1800 280 15.5 54i25 5.5 
(water) 
Enlargement 2760 2/>5 8.9 7Q£m 10,3 
Sucrose Division 2020 266 13.2 nohis 6.6 
Enlargoaent 2860 190 6.7 15^16 33.9 
3xl0r9iVl Division 2145 237 11.1 3.1 
Enlargeiaent 3222 162 5.0 17.3 
Sucrose + Division 2362 274 11.6 11%10 7.7 
X»A*A, 
Enlaj^gement 3620 163 4.5 185jhl5 21.2 
*]^dration ratio = 100 «» r^erceiit -Iryr voinht 
percent dry weight 
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to determine the original green and dry weights of the 
sections. A seoond set was out, weighed in the minimum 
time, transferred to Warburg flasks, equilibriated in 
water for 30 minutes, and their 0^ uptake measured over 
a one hour period. One-half milliliter of 2 percent 
-9 
suorose, 1 2: 10 indoleapetic aoid, or B percent suorose 
plus indoleaoetio acid was then tipped into the flasks, 
and 0^ consumption redetermined after a second equilibria-
tion. Presh and dry weights and nitrogen content of the 
experimental material vere then estimated. The data are 
shown in Table 14. 
The hydration ratio in the division zone suspended 
in suorose alone increased 35 percent, while in the enlarge­
ment zone it went up 54 peroent. Indoleaoetio alone 
increased the hydration ratio 65 peroent in the division 
zone and 92 peroent in the enlargement zone. Finally, in 
the division seotion suspended in suorose plus indoleaoetio 
aoid the ratio increased 57 peroent and in the enlargement 
seotion it increased 135 peroent. The ^ O^iN) increased more 
than two times in the division zone, while in the enlargement 
zone suspended in indoleaoetio aoid the ^OgCN) increased 
nearly three times, and enlargement sections suspended in 
suorose and indoleaoetio aoid it inoreased two times. 
—8S"» 
In the presenoe of auxin and/or suorose the laexiatematio 
regions became metabolioally more active, as shown by larger 
rates of Og oonsumption, and hydration proceeded rapidly. 
During the time of the experiment, a total of three hours, 
both sections otay be assuaed to have reached an older average 
physiological age. They still maintained their relative 
positions, however, with hydration in the 3-4 mm. section 
about twice that in the 1 <- 2 mm. region. 
The reactions shown here could be assigned either to 
active water absorption dependent upon respiratory energy, 
or to chemical reactions in cell wall increase. A final 
choice of reactions is not possible with the data available. 
Since all of the cells were turgid, however, indicating water 
absorption by diffusion, and since the combination of auxin 
and sucrose was appreciably more effective in hydration, 
although not in respiration, than either alone, the writer 
feels that a theory of cell wall growth, possibly accompanied 
by protoplasmic changes, is the most plausible es^lanation. 
We visualize some such change as cellulose mioelles in the 
wall being let out by protoplasmic, synthetic action before 
cell enlargement and hydration can occur. The final step 
may then be absorption by diffusion alone. 
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DISCUSSION 
Cell DlTlaion and Enlargement 
These studies on the growing regions of primary 
maize roots furnish evldenoe regarding the specifio 
distribution of growth processes at different distances 
from the root tip. If we ignore the root cap, the first 
millimeter of maize roots as we have grown then is rounded 
and somewhat tapered, so that it Is 40 percent smaller than 
the second millimeter section. The cells of the first sec­
tion are isodiametric, 11 mu long, high in protein (61 
percent of dry wt.) and dry matter (about £0 percent). 
These measurements haye been remarkably constant in as 
many as 45 different determinations of the same character. 
Generation time for one complete cell diTision was 29 hours 
at 15^  and 18 hours at 25^  C. 
In the aecond milliiaeter a rapid change from cell 
diTision to cell enlargement occurred. The first quarter 
of this section was similar to the preceeding region except 
that cell division was perhaps more rapid at higher tempera­
tures. The maximum rate of cell division, with a generation 
time of less than 10 hours and possibly as low as 6 hours was 
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estimated for the seoond quarter of this region. At the 
safflft time the average oell length nearly doubled to give 
a sharp pealc of total growth. Elongation continued and oell 
division slowed In the third and oeased In the fourth quarter 
of the second millimeter, i^verage protein nitrogen per oell 
In the second millimeter was double that In the first and 
average oell length was not quite double so that rapid proto­
plasm synthesis was Indicated. 
The third millimeter grew by enlargement only at a rate 
one-third less than the combined effects of oell division 
and enlargement in the second section. Total nitrogen per 
unit cell length doubled again over the second section but 
cell length Increased nearly three times, so that protein 
synthesis began to lag. No direct estimates of vaouolation 
were made. The high protein contents of the second and third 
sections suggest no more than a slow vaouolation across these 
rapidly growing regions. The hydration index (water/dry matter), 
however, increased from 4.2 In the first millimeter to 5.2 in 
the second and 6.6 in the third. This increased hydration 
was accompanied by an accumulation of soluble nitrogen and 
sugars, compounds which would tend to Increase hydration by 
vaouolation. 
The change in the hydration ratio reached a maximum 
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between the third and fourth aillimeters where it jumped 
from 6.8 to 11.6. At the same time dry matter, protein, 
ash and most cell constituents except sugar and oellulosio 
materials decreased on a cell unit basis, indicating rapid 
vacuolation. Because of the inevitable time lag in any 
growth measurements, the elongation rates assigned to the 
third millimeter in Table 1 occurred for the inost part in 
the fourth millimeter* For the same reason the low growth 
totals shown for the fourth millimeter mean a short period 
before the fourth millimeter became the fifth, rather than 
a slow rate. Cell length increase between the fourth and 
fifth millimeter was the second largest observed, since 
no measurable elongation was recorded at any time in the 
fifth millimeter, the changes in this and suceeding sections 
are considered to be confined to differentiation reactions, 
among which the increase of oellulosic materials was notable 
(Table 3). 
We have already indicated that the rates of cell division 
in the first and second millimeters were increased by tempera­
ture changes from 15 to 25^ C. Specific division rates for 
the two temperatures were 0.035 and 0.055 in the first milli­
meter, and 0.036 and 0.092 in the second over a three hour 
interval (2). A possible rate of 0.126 was estimated for the 
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flrst (distal) part of the second ollliaeter. The rates 
of elongation also showed high temperature ooefflolents, 
on the order of 3 « 4 for a rise of 10® C. in the third 
milliiaeter where no cell divlaion occurred, such a 
coefficient indicates that chemical rather than physical 
reactions are liioiting for cell elongation processes (7), 
This relationship is shown clearly in the data of Tables 
13 and 14. Root tip sections held in aerated water showed 
a very small water absorption* The same sections held in 
2 percent sucrose solution absorbed a little more water than 
the checks, but sections in indoleacetic acid, and especially 
in indoleacetic acid plus suorose, increased 50 percent in 
fresh weight in one hour and their hydration ratio doubled. 
Cell enlargement would seem to be limited by enzymio reactions 
dependent upon the presence of auxins. We may postulate that 
these reactions InTolve the lengthening of the cellulose 
micelles of the cell wall in such a way as to allow expansion 
of the cell by hydrostatic pressure. 
^though division of vaouolated cells has been shown to 
take place in certain meristems (e g. stem tip and pith cells), 
division of rapidly vacuolating cells was not detected in the 
meristematic tissues of primary maize roots. This observation 
points out the occurrence, at specific radicle levels, of 
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irreverslble ohenges in the nsture of the merietematio 
deTelopment, The meohenisiiuB of cell diyision end enlerge-
ment whioh appeared to be olosely related in the distal 
liones later appeared to have been dissooieted, and froa 
the third xullliiaeter on, only cell enlargement with or 
without protoplasm syntheaib took place. 
The oytoplasB has been regarded as a oyto-skeleton 
oomposed of a three-dimensional lattice of protein fibrils 
(23)• The protein material in the apioal two millimeter 
section was relatively dense, as shown by the small cells 
with their high protein content and viscosity. With hydra­
tion the structure of the proteins in this dense structure 
may be irreversibly altered, somewhat in the manner shown 
by Rothen (41) for films of a number of proteins. Thus 
the action of specific enzymic proteins, or perhaps th« 
general level of loetaliolic and particularly of structural 
activity might be reduced by the tendency of protein mole­
cules to unfold when hydrated. Such changes in protein 
structure might account for the failure of hydrated -roto-
plasm to continue division, but would still not explain 
the original cause of the increased hydration which seems 
to be a zonal effect, either physical or chemical. 
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Chemloal Constituents 
The future of a developius cell seems to be pre­
determined by its relative position with respeot to the 
incoming food supply and to unknown zonal effects, rather 
than by the morphologioal oharaoteristios of the oell itself. 
Furthermore, meristematio activity involving protoplasmic 
synthesis appears entirely dependent upon a continuous 
supply of food materials from which protoplasm may be 
constructed. In primary maize roots, phloem and zylem 
end at some distance biehind the zone in which active 
meristematic growth is in progress. From there on, nutrients 
may penetrate through the vacuolated tissue Intervening, and 
finally an individual cell may receive this food supply by 
way of its surface. 
Total reducing substances after hydrolysis with invertase 
showed the expected gradient, being highest nearer the endo­
sperm source and lowest in the apical seotion. Soluble 
nitrogen, which might also be considered to be a translocation 
form did not show the same pattern, but was highest in the 
third millimeter section and lower both apically and basally 
from this region. Concentrations here suggested synthesis 
of proteins in the zones of division and digestion in the 
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tlLlrd and later zones. Tliere is evidence (27) that storage 
proteins axe retranslooated only after digestion to simpler 
water soluble forms and that the various soluble organio 
materials are more or less interchangeable in their effects 
of stimulating growth. It may be also that soluble nitrogen 
accumulation in the enlargement zones resulted from local 
protein digestion. A sharp decline in soluble nitrogen vd th 
the corresponding increase in colloidal nitrogen may be indi­
cative of optimal environmental conditions required for the 
condensation of simple nitrogenous compounds into proteins 
and new protoplasm. 
Respiration 
Respiration measurements on the isolated meristematic 
regions of primary maize roots led to the differentiation 
of each growing region in terras of their distinct respira­
tory activities. The respiration rates found in each zone 
probably were dependent upon a specific internal balance 
between the nature of the available respiratory substrate 
and the amount of protoplasm (respiratory systems) per unit 
volume of respiring tissue. This balance determined the final 
respiration rate per unit of respiring protoplasm. Thus, the 
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respiratory quotient oaloulated for the firth and sixth 
mllllaeter region whloh amounted to 1.00 suggested oomplete 
ooflibuatlon of oarbohydrate moleoules predominantly. These 
seotlons showed the largest oonoentratlon of carbohydrates. 
The respiratory quotient of the first and second millimeter 
was of the order of 0.66, suggesting combustion of compounds 
with low oxygen/carbon ratio, e g. proteins or fats, simi­
larly, these zones were characterized by relatively large 
concentration of protein nitrogen. 
Since the energy produced by cellular oxidations cannot 
be thought of In terms of a pooled fund which Is merely 
apportioned to several endothermlc processes according to 
need, a close relationship between each energy producing 
respiratory process and the endothermlc function which uses 
the energy thus produced may be postulated. This connection 
may be due to a specific orientation between the two processes 
concerned. 
In view of the suggestion (44} that auxin stimulates 
growth by affecting the generation of available chemical 
energy and/or substrate during the respiratory processes. 
It may be then that the changes In the merlstematlc develop­
ment of primary maize roots, may be brought about by some 
participation of auxin or auxins on the respiratory reactions 
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Ot the living protoplaam* Eeoh partial reaotlon or forma­
tion of an intermediate and its subsequent degradation must 
hove at least a veloolty equal to the velocity of the overall 
reaotlon of respiration. The rate of formation and removal 
of eaoh reapiratory intermediate during the respiration oyoles 
may be a oritioal factor since presumably some of these inter­
mediates are utilized as substrate or oatalytioally. i^lso, 
not only the life of an intermediate compound may be short 
but its concentration also low. 
The data of Tables 7 and 8 show endogenous end exogenous 
respiration of the three isolated development zones repre­
sented by millimeters 1 and 2, 3 and 4, and 5 and 6. Endo­
genous respiration tended to be highest in the middle section, 
zone of cell enlargement, but differences were surprisingly 
small and the zone of differentiation was almost as high as 
either of the others. Exogenous respiration rates in Table 
6 show that the relatively high rate of the difrerentletioxi 
zone in Table 7 was due to its high sugar content. Exogenous 
respiration rates were clearly highest in the zone of enlarge­
ment, second In the zone of cell division and a poor third in 
the third zon«. The addition of nutrient salts to the sucrose 
solution did not change the picture (Table 9). 
The inhibiting effects of cyanide and iodoaoetic acid 
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on root respiration are shown in Tables 10 and 1£. 
Exogenous respiration was more sensitive to cyanide 
than endogenous, and the enlargement zone was more sensi­
tive than the zone of division. Depression reached 100 
—2 percent in the enlargement zone. At 10 M lodoaoetate 
was about five times more inhibiting on the respiration 
of the enlargement zone, thus suggesting basic differences 
in the respiration of the division and enlargement regions. 
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mmARY 
Growth of the maize roots observed has been limited 
to the first four odllimeters behind the root oap* Growth 
in the first millimeter involved oell division at a moderate 
rate with enlargement of the daughter oells to the original 
oell size but not above. Growth in the second millimeter 
included both the most rapid oell division and the most 
rapid elongation, although the division tended to be con­
centrated in the apical half and the elongation in the 
proximal half of the section. Growth of the third and 
fourth millimeters was by oell enlargement only. 
Cell division in the maize root tip ceased before 
hydration became marked and probably did not occur in 
clearly vacuolated oells. Cell generation time has varied 
with temperature and position from 8 hours or less to nearly 
30. The temperature coefficient is of the order of 
£ .  
Cell enlargement' has shown a temperature coefficient 
near 4, indicating that factors limiting the rate of oell 
enlargement are of the nature of chemical forces and that 
the overall rate of oell enlargement is limited by the aiowest 
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of the rates of the various ohemloal reaotlons Involving 
simultaneous oellulose synthesis and inoreases in oell wall 
plasticity. When one or uiore of these intermediate reaotions 
reaches a oritioal rate, the whole rate of oell enlargement 
slows down or ceases. 
The chemical determinations of available compounds 
showed that total reducing substances were highest in the 
proximal sections. Soluble nitrogen did not show the expected 
gradient but was highest in the third millimeter section and 
lower both apically and basally from this region. Protein 
synthesis in the division zone and local protein digestion 
in the enlargement zone are indicated. 
Endogenous and exogenous respiration rates were clearly 
highest in the zone of enlargement. The greater susceptibility 
to cyanide and iodoacetate inhibition in the enlargement zone 
suggests basic differences in the nature and activity of the 
respiratory systems operating in these zones. 
The temperature coefficients for cell enlargement, the 
relatively large accumulation of soluble nitrogen, the high 
respiration rate and the sensitivity to inhibitors, provide 
several indications that the meristematic regions of primary 
maize roots undergoing cell enlargement include the most active 
centers of the root in many metabolic functions. 
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